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PREFACE. 



During the past forty years I have devoted much time to the experi- 
mental iDvestigation of scientific topics, and have published the results 
in various journals, pamphlets, and the transactions of learned societies. 
They have been largely disseminated in European languages, and many 
of the conclusions they have presented have been admitted into the 
accepted body of scientific knowledge. 

It has therefore become desirable for me to collect these scattered 
memoirs and essays together, and, since they are too voluminous to be 
published in full, to offer an abridgment or condensation of those that 
arc of less interest. I propose in this book to include only such as are 
connected with the effects of Radiations or of Radiant energy, these 
having been distinguished by the American Academy of Science, as mani- 
fested by its award to me of the Rumford medal for discoveries in light 
and heat. A statement of the action of the Academy is annexed. 

Besides these, I have several other memoirs on chemical, electrical, 
and physiological topics, some of them hitherto unpublished. These, for 
the present, I must reser\'e. 

Among many other subjects treated of in these pages, the reader will 
find an investigation of the temperature at which bodies become red-hot, 
the nature of the light they emit at different degrees, the connection be- 
tween their condition as to vibration and their heat. It is shown that 
ignited solids yield a spectrum that is continuous, not interrupted. This 
has become one of the fundamental facts in astronomical spectroscopy. 
At the time of the publication of this Memoir, no one in America had 
given attention to the spectroscope, and, except Fraunhofer, few in Eu- 
rope. I showed that the fixed lines might be photographed, doubled 
their number, and found other new ones at the red end of the spectrum. 
The facts thus discovered I applied in an investigation of the nature of 
fiame and the condition of the sun's surface. I showed that under cer- 
tain circumstances rays antagonize each other in their chemical effect, 
and that the diffraction spectrum has great advantages over the prismat- 
ic, which is necessarily distorted. I attempted to ascertain the distribu- 
tion of heat in the diffraction spectrum, and pointed out that great ad- 
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vantages arise if wave-lengths are used in the description of photographic 
phenomena. I published steel engravings of that spectrum so arranged. 
I made an investigation of phosphorescence, and obtained phosphores- 
cent pictures of the moon. Up to this time it had been supposed that 
the great natural phenomenon of the decomposition of carbonic acid 
bj plants was accomplished by the violet rays of light, but by perform- 
ing that decomposition in the spectrum itself, I showed that it is effected 
by the yellow. Under very favorable circumstances, I examined the ex- 
periments said to prove that light can produce magnetism, and found 
that they had led to an incorrect conclusion. The first photographic 
portrait from the life was made by me : the process by which it was ob- 
tained is herein described. I also obtained the first photograph of the 
moon. I made many experiments on and discovered the true explana- 
tion of the crystallization of camphor towards the light. When Da- 
guerre's process was published, I gave it a critical examination, and 
described the analogies existing between the phenomena of the chemical 
radiations and those of heat For the purpose of obtaining more accu- 
rate results in these various inquiries, I invented the chlor- hydrogen 
photometer, and examined the modifications that chlorine undergoes in 
its allotropic states. Since in such researches more delicate thermom- 
eters are required than our ordinary ones, I entered on an investigation 
of the electro-motive power of heat, and described improved forms of 
electric thermometers. In these memoirs will be found a description of 
the method made use of for obtaining photographs of microscopic ob- 
jects, together with specimens of the results. In a physiological digres- 
sion respecting interstitial movements of substances, I examined the pas- 
sage of gases through thin films such as soap-bubbles, and the force with 
which these movements are accomplished, applying the facts so gathered 
to an explanation of the circulation of the sap in plants, and of the blood 
in animals. Returning to an inquiry as to the distribution of heat and of 
chemical force in the spectrum, I was led to conclude, in opposition to 
the current opinion, that all the colored spaces are equally warm; and 
that, so far from one portion — the violet — being distinguished by pro- 
ducing chemical effects, every ray can accomplish special changes. This 
series of experiments on radiations is concluded in this volume by an 
examination of the chemical action of burning-lenses and mirrors, 

I have endeavored to reproduce these memoirs as they were original- 
ly published. When considerations of conciseness have obliged me to 
be contented with an abstract, it has always been so stated, and the 
place where the original may be found has been given. Sometimes, the 
circumstances seeming to call for it, additional matter has been intro- 



PREFACE. Xi 

duccd ; but this has always been fonnally indicated under the title of 
Notes, or included in parentheses. An instance of the former occurs on 
page 45, of the latter on page 30. Wood-cuts and their explanation, sel- 
dom occurring in the original publications, have been introduced. They 
have for the most part been obtained from some popular articles pub- 
lished by me in Harper* a Magazine. 

Except in a few instances, I have adhered, in these memoirs, to the chem- 
ical nomenclature in use at the time they were written. Though often 
very weighty reasons may be given that the designations under which 
substances pass might be made more in accordance with their constitu- 
tion or properties, and therefore more correct, yet such are the con- 
fusions, the inconveniences, the difficulties attending an introduction of 
new names, that sweeping changes of nomenclature should never be in- 
troduced until they have become absolutely indispensable. In Memoir 
X., which treats of the action of the leaves of plants under the influence 
of yellow light, I have preferred to retain the term carbonic acid instead 
of any of its more recent synonyms. 

Here and there the reader will detect statements that seem to be con- 
tradictory. On examination, however, he will find that this arises from 
changes which the general progress of science had made necessary. As 
an illustration of what I mean, I may refer to what is given as regards 
wave-lengths (from Mosotti) on page 112. These numbers do not agree 
with the more exact ones of Angstrom, page 120. It is better -in such 
cases to let the original statements stand. 

The pages offered in this volume, though not very numerous, repre- 
sent a very large amount of work, the occupation of many years. Ex- 
perimental investigation, to borrow a phrase employed by Kepler respect- 
ing the testing of hypotheses, is "a very great thief of time/' Some- 
times it costs many days to detennine a fact that can be stated in a line. 
The things related in these memoirs have consumed much more than 
fortv years. 

Such a publication, therefore, assumes the character of an autobiog- 
raphy, since it is essentially a daily narrative of the ocou[)ations of its 
author. To a reader imbued with the true spirit of philosophy, even 
the shortcomings easily detectable in it arc not without a charm. From 
the better horizon he has gained he watohes his author, who, like a 
pioneer, is doubtfully finding his way, here travelling on a track that 
leads to nothing, then retracing liis footsteps, and again, undeterred, 
making attempts until success crowns liis exertions. To explore the 
path to truth implies many wanderings, many inquiries, many mis- 
takes. 

Perhaps, then, since this book is a sort of autobiography, its reader 
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will bear with me if I try to make it more complete by here referring to 
other scientific or historical works in which I have been engaged. 

In early life I had felt a strong desire to devote myself to the experi- 
mental study of nature ; and, happening to see a glass containing some 
camphor, portions of which had been caused to condense in very beauti- 
ful crystals on the illuminated side, I was induced to read everything 1 
could obtain respecting the chemical and mechanical infiuences of light, 
adhesion, and capillary attraction. Experiments I soon made in con- 
nection with these topics are described in these memoirs. Some of 
them I used in a Thesis for the degree of Doctor of Medicine in the 
University of Pennsylvania. My thoughts were thus directed to physi- 
ological studies, and I published papers on these topics in the Ameri- 
can Journal of Medical Sciences, The favorable impression they made 
caused me to be appointed, in 1836, Professor of Chemistry and Physi- 
ology in Hampden Sidney College, Virginia, an appointment which en- 
abled me to convert experimental investigation, thus far only an amuse- 
ment, into the appropriate occupation of my life. 

Several of the memoirs contained in this volume were composed at 
that time. To them I was indebted, without any application on my part, 
for an appointment to the Professorship of Chemistry and Physiology 
in the University of New York. Soon afterwards 1 published a work 
on the Forces that Produce the Organization of Plants. The lectures on 
Physiology I gave at that time I improved from year to year, and at 
length published tlioin as a treatise on Human Physiology. It was ver}- 
favorably received by the medical profession. 

Among new experiments and explorations on physiological subjects 
contained in that book may be mentioned the selecting action of mem- 
branes ; cause of the coagulation of blood ; theory of the circulation of 
the blood; explanation of the flow of sap ; endosmosis through thin films ; 
measure of the force of endosmosis ; respiration of fishes ; action of the 
organic muscle fibres of the lungs; allotropism of living systems; new 
observations on the action of the skin ; functions of nerve vesicles and 
their electricjal analogies ; function of the sympathetic nerve ; explanation 
of certain parts of the auditory apparatus, pjirticularly of the cochlea 
and semicircular canals ; the theory of vision ; the theory of muscular 
contraction. 

From the study of individual man it is but a step to the consideration 
of him in his social relation, and this, accordingly, had been done in the 
second part of my work on Physiology. But the subject being too ex- 
tensive to be dealt with satisfactorily in that manner, I published the 
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materials that I had collected in a separate book, under the title of " A 
History of the Intellectual Development of Europe." The object of 
this was mainly to point out that the intellectual progress of nations 
proceeds in the same course as the intellectual development of the indi- 
vidual ; that the movement of both is not fortuitous, but under the 
dominion of law ; that the stages of personal development are paralleled 
by the stages of docial development, and, indeed, as palaeontology has 
proved, by the evolution of all animated nature ; that there is an ascent 
of man through well-marked epochs from the most barbarous to the most 
highly civilized condition. This book was translated into many lan- 
guages: in some of them several editions of it were issued. Portions 
of it relating to Mohammedan science were translated into Arabic. 

About this time, circumstances led me to deliver before the New York 
Historical Society a course of lectures on American topics, considered 
from a similar point of view. These were enlarged, and published un- 
der the title of " Thoughts on the Civil Policy of America." This, like 
the preceding, was extensively translated and circulated. The train of 
investigation on which I had thus entered led me to a far more serious 
undertaking — a " History of the American Civil War," whicli had just 
then closed. To this, moreover, I was incited by the earnest request of 
some who had been chief actors in the events, and who very effectively 
aided me. I had the inestimable advantage of enjoying the friendship 
of many whose names have now become illustrious in connection with 
those times. The Secretary of War gave me access to the public docu- 
ments on both sides, and to him I was indebted for guidance in the de- 
scription of many of the most important incidents and the course of na- 
tional policy. To generals who had commanded in great battles and 
conducted great campaigns I owed information which they alone could 
impart, and, in like manner, most valuable assistance was given me in 
special cases by persons eminent in military and civil life. It is often 
said that the history of any very great social event cannot be correctly 
written by a contemporaneous author, and that we must wait imtil 
passions have subsided and interests ceased for a narrative of the truth. 
But this is not so. More depends on the impartiality of the writer than 
on the deadening lapse of time. The best history will always be written 
by one who has had the best opportunity of getting at the facts, who 
has had the privilege of the friendship or [)ersonal acquaintance of those 
who have been conspicuous in the events. 

Xo one can consider the intellectual development of Europe without 
contemplating the forces that have brought that continent to its present 
social condition — forces that have never ceased to be in active opposition. 
Under the title of a " History of the Conflict of Relimon and Science/' 
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I endeavored to describe tlicir warfare. This work has passed through 
a great many editions in America and Enghmd. It has been translated 
into French, Spanish, German, Russian, Italian, Polish, Servian, etc. It 
finds very many readers in Eastern Europe. And of some of these 
translations several editions have been issued. 

When I thus look back on the objects that have occupied my atten- 
tion, I recognize how they have been interconnected, x?ach preparing the 
way for its successor. Is it not true that for every person the course of 
life is along tlie line of least resistance, and that in this the movement 
of humanitv is like the movement of material bodies? 

To my American reader I need say nothing for the purpose of secur- 
ing his kind appreciation of this work. I know that he, recognizing the 
difficulties encountered in such a long series of experiments, will exten- 
uate its imperfections, and regard it as a contri!)ution from this side of 
the Atlantic to the common fund of human knowledge, and especially 
to one of its most important departments, at a period when the main 
subject on which it treats had scarcely attracted scientific attention. 

New York. January^ 1S73. 
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EXAMINATION OF THE BADIATI0N8 OF KED-HOT BODIES. 
THE PRODUCTION OF LIGHT BY HEAT. 

From the American Journal of Science and Arts, Second Series, Vol. IV., 1847; 
London, Kdinbargh, and Dublin Philosophical Magazine, May, 1847; Harper's 
New Monthlj Magazine, No. 822. 

Contents : — Ascertainment of the temperature at which bodies become 
self-luminous; it is 977^ Fahr, — Proof that all solids begin to shine 
at the same degree. — The spectrum of incandescent solids has no fixed 
lines, — The referejice spectrum, — Colors of light emitted as the heat 
increases are in the order of the spectrum. — Frequency of inbratioii 
increases with the temperature. — Intensity of the light emitted, — In- 
tensity of the heat radiated. 

Although the phenoroenon of the production of light 
by all solid bodies, when their teniperatui'e is raised to 
a certain degree, is one of the most familiar, no person 
so far as I know has hitherto attempted a critical in- 
vestigation of it. The difficulties environing the inquiry 
are so great that even among the most eminent philoso- 
phera a diversity of opinion has prevailed respecting 
some of the leading facts. Thus Sir Isaac Newton fixed 
the temperature at which bodies become self-luminous 
as 635°; Sir Humphrey Davy at 812°; Mr. Wedgwood 
at 947°; and Mr. Daniel at 980°. As respects the nature 
of the light emitted, there are similar contradictions. In 
some philosophical works of considerable repute it is 
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stated that when a solid begins to shine it first emits 
red and then white rays ; in others it is asserted that a 
mixture of blue and red light is the first that appears. 

I have succeeded in escaping or overcoming many of 
the diflSculties of this problem, and have arrived at 
satisfactory solutions of the main points; and as the 
experiments now to be described lead to some striking 
and perhaps unexpected analogies between light and 
heat, they commend themselves to our attention, as hav- 
ing a bearing on the question of the identity of those 
principles. It is known that heretofore I have been led 
to believe in the existence of cai'dinal distinctions not 
only between these, but also other imponderable agents, 
and I may therefore state that when this investigation 
was first undertaken it was in the expectation that it 
would lead to results very different from tliose which 
have actually arisen. 

The following are the points on which I propose to 
treat : 

1. To determine the point of incandescence of plati- 
num, and to prove that different bodies become incan- 
descent at the same temperatui'e. 

2. To determine the color of the rays emitted by self- 
luminous bodies at different temperatures. This is done 
by the only reliable method — analysis by the piism. 

From these experiments it will appear that as the 
temperature rises the light increases in refrangibility; 
and making due allowance for the physiological imper- 
fection of the eye, the true order of the colors is red, 
orange, yellow, green, blue, indigo, violet. 

3. To determine the relation between the brilliancy 
of the light emitted by a shining body and its tempera- 
ture. 

Here we shall find that the intensity of the light in- 
creases far more rapidly than the temperature. For 
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example, platinum at 2600° emits almost forty times as 
much light as it does at 1900°. 
The source of light I have employed is in all in- 
ances a very thin strip of platinum, 1.35 inch long, 
^nd .05 of an inoli wide, biwight to the temperature 
lander investigation by a voltaic current. Platinum was 
(elected from its indispositioo to oxidize, and its power 
Spf resisting a high temperature without fusion. 

The atrip of platinum thus to be brought to different 

temperatures by an electric current of the proper foi'ce 

iras fastened at one end to an inflexible support, and 

hit the other was connected witli a delicate lever-index, 

■vhich enabled me to determine its expansion, and there- 

iby its temperature. For this purpose I have used the 

P«)eflScient of dilatation of Dulong and Petit. The tera- 

leratares here given are upon the hypothesis of the in- 

Itariability of that coefficient at all thermometnc degrees; 

■ they are therefore to some extent in error. 

In Fig. I, a b represents the strip of platinum, the 
upper end nf which is soldered to 
a stout and short copper pin, a, 
firmly sunk in a block of wood, c, 
which is immovably fastened to the 
basis, </ d, of the instrument. A 
cavity, e, half 
an inch in di- 
ameter is sunk 
in the block c, 
*^'"- and into this 

■cavity the pin a projects, so that when the cavity is filled 
rith mercury a voltaic current may be passed through 
I pin and down the platinum. The other extremity 
r the platinum, h, is fastened to a delicate lever, b /, 
irMch plays on an axis at ^, the axis working in brass 
lolea supported on a block, h. Immediately beneath 
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the platinum strip, and in metallic communication with 
it, a straight copper wire dips down into the mercury 
cup m; on this wire there is a metal ball, 7i, weighing 
about 100 grains. The further end of the index plays 
over a graduated ivory scale, j9 J9, supported on a block, 
q; the scale can be moved a little up and down, so as to 
bring its zeio to coincide with the index at common 
temperatures. 

The action of the instrument is readily understood. 
In the mercury cup e let there dip one of the wires, N, 
of a Grove's battery of three or four pairs, the other 
wire, P, being dipped into the cup m. The cuiTcnt 
passes through the platinum, which immediately ex- 
pands, the weight n lightly stretching it. The index / 
moves promptly over the scale, indicating the amount of 
expansion, and therefore the degree of heat. If the wire 
N be removed out of its mercury cup e^ the platinum 
instantly becomes cold, and pulls the lever to the zero 
point. 

When the platinum is thin, so as to be quite flexible 
at the point />, where it is fastened to the index, the 
movements take place with such promptitude and pre- 
cision as to leave nothing to be desired. When the 
heat has been very high and long continued, the limit of 
elasticity of the platinum is somewhat overpassed, and 
it suflfers a slight permanent extension. But as the 
ivory scale J9j9 can slide up and down a little, the index 
is readily readjusted to the zero point. 

The temperature of the platinum depends entirely on 
the force of the current passed through it. By inter- 
vening coils of brass wire of lengths adjusted before- 
hand, so as to resist the current to a given extent, any 
desired temperature may be reached. I found it con- 
venient to intervene in the course of the current a 
rheostat, so as to be able to bring the index with pre- 
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loiMon to any degree, notwitlistaudiug slight changes iii 
I the force of the voltaic battery. 

The following are the dimensions aiid measures of the 
linstrmnent I have used: Length of the platinum strip, 
J 1.35 inch; length of the part actually ignited, 1.14 inch; 
I width of ditto, ^^^j of au inch ; length of the index from 

■ its centre of motion to the scale, 7.19 inches; distance 
I of the centre of motion of index from the insertion of 
I the platinum at the point i, .22 inch ; multiplying effect 
[ of the index, 32.68 times ; length of eaeh division on the 
I ivory scale, .021 inch. From this it would ajipear by a 

simple calculation, using the coefficient of dilatation of 

platinum given by Dulong and Petit, that each of the 

divisions here used is equal to 114.5 Fahrenheit degrees. 

I'For the Bake of perspicuity I have generally taken them 

fat 115°. 

The Grove's battery 1 have employed has platinum 
Iplates thtee inches long and three quarters wide; the 
I QUO cylinders are two inches and a half in diameter, 
I three high, and one third thick. As used in these ex- 
I periments it could maintain a current nearly uniform for 
Ian hour. I commonly employed four pairs. 

By the aid of resisting wires of different lengths, or 
Itbe rheostat, the force of the current in the platinum 

■ could be varieil, and therefore its temperature. The fii'St 
Iftttempt was, of eoui-se, to discover the degree at which 
I the metal began to emit light. 

Tha platinum and the voltaic battery were placed in 
I dark room, the temperature of which was GO" Fahr.; 
land after 1 had remained therein a sufficient length of 
I time to (.-nable my eyes to become sensible to feeble 
■impressions of light, I caused the curi'ent to pass, gradu- 
lally increasing its force until the platiimm was visible. 
Iln aeveral repetitions of this experiment it was uniform- 
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ly found that the index to which the platinum was at- 
tached stood at the eighth division when this took placa 
The metal had therefore dilated -^ ^f its length ; the 
elevation of its temperature was about 917°, which, add- 
ed to the existing height of the thermometer, 60°, gave 
for the temperature of incandescence 977° Fahr. 

To the correctness of this number it might be objected 
that, owing to the narrowness of the metallic strip, it was 
not well calculated to make an impression on the eye 
when the light emitted was feeble, and that we ought 
not to take the dilatations given by the index as repre- 
senting the uniform temperature of the whole platinum, 
which must necessarily be colder near its points of sup- 
port, on account of the conducting power of the metals 
to which it was attached. 

Physiological considerations might also lead to a suspi- 
cion that the self-luminous temperature must vary as es- 
timated by different eyes. The expei'iments of Bouguer, 
hereafter to be referred to, indisputably show that some 
persons are much more sensitive to the impressions of 
light than others. So far as my limited investigation of 
this matter has gone, I have not, however, found appreci- 
able differences in the estimation of the temperature of 
incandescence. Different individuals observing the plat- 
inum have uniformly perceived it at the same time. 

Against the number 977°, it may also be objected that 
antimony melts at a much lower temperature, and yet 
emits light before it fuses. If this statement were true, 
it would lead us to believe that all bodies have not the 
same point of incandescence. But I think that the ex- 
periments of Mr. Wedgwood on gold and earthenware 
are decisive in this particular; and, moreover, I have 
reason to believe that the melting-point of antimony is 
much higher than commonly supposed. 

"With a view of determining directly whether different 
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dies vary in their point of incandescence, I took a clean 
gUD-barrel, and having closed the toueh-hule, exposed the 
; substances in it to the action of a fire: plati- 



Ibllow 



■ing f 



num, chalk, marble, fluoi 



■ bra 



.ntimoi 



irbon, 



', gasH^arn 

lead ; each specimen was small : the platinum was in the 
fomi of a coil of stout wire. 

When one of these bodies was placed in the gun-bar- 
rel and the temperature raised, it is clear that any differ- 
2 in their point of incandescence could be detected by 
■the eye. Thus if the ignition of platinum required a 
Ibigher degi-ee than that of iron, on looking down the 
[ baiTel the coil of wire should be dark when the barrel 
I itself had begun to shine; or, if the platinum was incan- 
I descent first, the wire should be seen before the bairel 
I had Iwconie visibly hot, and these results might be cor- 
I roborated by observing the inverse phenomena, when the 
\ barrel was taken from the fire and suftei'ed to cool. 

In Fig. 2,0 1/ is the gun-barrel passing througli a hole, 
I c, of suitable size in the side 
lof a stove. At the bottom of 
I the barrel, 5, the substances to 
■ be examined are placed. Their 
nitioD is observed by looking 

t the projecting end, a. 

With respect to platinum, 

antimony, gas ■ carbon, 

lead, they all became in- 

sanflescent at the same time as 

Jie iron barrel itseltl 1 could 

'. Jiscover the slightent dif- '^'^ 

ei'CDCe among them, either in heating or cooling; find it 
s worthy of remark that the lead was, of course, in the 
piquid condition. But the chalk and marble were vis- 
phle before the barrel was red-hot, emitting a faint white 
ight; and the duor-spar still more strikingly so, its light 
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heing of a beautiful blue ; and even when the barrel had 
become bright red I could still see the spar, which had 
decrepitated to a coarse powder, by its faint blue rays. 
In these cases, however, it was not incandescence, but 
phosphorescence that was taking place. I infer, then, 
that all solids, and probably melted metals, begin to 
shine at the same thermometric point. 

(When phosphorescent substances are to be examined, 
they must be fii*st exposed to a high temperature and 
carefully guarded from access of light until they are 
placed in the gun-barrel. A diamond which, among oth- 
er bodies, had been thus tried, would recover its quality 
of phosphorescing by a very short access of light after it 
had been cooled, but if that had been carefully avoided, 
it began to shine at the same time as other specimens 
with which it was placed in the barrel.) 

The temperature of incandescence seems to be a natu- 
ral fixed point for the thermometer; and it is very inter- 
esting to remark how nearly this point coincides with 
1000° of the Fahrenheit scale when Laplace's coefficient 
for the dilatation of platinum is used. Upon that coef- 
ficient the point of incandescence is 1006° Fahr. 

In view of these considerations, and recollecting that 
the number given by Daniel is 980°, and that of Wedg- 
wood 947°, I believe that 977° is not very far from the 
true temperature at which solids begin to shine. It is 
to be understood, of course, that this is in a very dark 
room. 

I pass now to the second proposition. The rays emit- 
ted by the incandescent platinum strip were received on 
a flint-glass prism, placed so as to give the minimum de- 
viation, and, after dispersion, viewed in a small telescope. 
A movement could be given to the telescope, which was 
read off on a graduated circle. However, instead of 
bringing the parts of the spectrum under measurement 



lluoiH I.J THE RADUTIOSS OF IGNITED BODIES. 31 

glo coincide with the croas wires in tbe field of the instni- 
inent, it was found more satisfactory to determine them 
l)y bi-iiiging them to one or other of the edges of the 
teeld — a process by which tlie extreme rays couhl be bet- 
[er ascertained, their faint light being thus more easily 

jercfived in the darkness by which it was surrounded. 

pt wouUi scarcely be possible to see them accurately 
while the rest of a bright Bpectrum was in view. 

Id Fig. 3, a b is the ignited platiuum strip, c the prism, 
I e the telescope, 
Dooring upon the 
sentre of a gradu- 
ated circular ta- 
We,//. 

As it was ab- 
jolutely necessa- 
lo have fixed 
"oints of refer- 

Ivoce, that all the 

Bobservat ions "''"'*' 

inigbt be brought to a common standai-d of comparison, 

Cftud as there are no fixed lines in the light of incandes- 
cence such as are in the sunshine and daylight, I there- 
fore previously determined the position of the fixed lines 
in a spectrum formed by a ray of reflected daylight 
wbich passed through a fissure -5*5 of an inch wide, and 
one inch long, occupying exactly the position subsequent^ 
ly to be occupied by the incandescent platinum. In Fig, 
4, 1 repi-esents the result.* 

(I expected to use tlie Fraunhofer lines for this pur- 
pose, and was not a little surprised to find that they are 
llot to be seen in the spectrum of ignited solid bodies. 




* The lettcn tuud to Indicate the fixed liocs arc tbose employed at that 
linK 1847. 
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Thus was discovered one of the fundamental facts in 
spectrum analysis, a fact that has become of the highest 
importance in astronomy, as fumishing a means for de- 
termining the physical condition of the heavenly bodies, 
and a test for the nebular hypothesis. An ignited solid 
will give a continuous spectrum, or one devoid of fixed 
lines; an ignited gas will give a discontinuous spectrum, 
one broken up by lines or bands or spaces. 

About twenty years subsequently to this discoveiy, 
Mr. Huggins (1864) made an examination of a nebula 
in the constellation of Draco. It proved to be gaseous. 
Subsequently, of sixty nebulae examined, nineteen gave 
discontinuous or gaseous spectra, the remainder contin- 
uous ones. 

It may therefore be admitted that physical evidence 
has throusjh this means been obtained demonstrating the 
existence of vast masses of matter in a gaseous condition, 
and at a temperature of incandescence. The nebular hy- 
pothesis of Laplace and Herschel has thus a firm basis.) 

The stiip of platinum was now placed in the position 
^___^_^_____^_ of the slit which had 

II I til I tr[l ^^«i>* given the spectrum rep- 
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lOM^" resented at 1, and its 

temperature was raised 
by the passage of a vol- 
taic current. Though the 
metal could be distinctly 
-J"**' seen by the naked eye 



It, 



Fig- 4- when the temperatui^e 

Spectra of dnylight and of Incandescent platinum had rCachcd about 1000° 
at different temperatnrea. ^^^^^ ^ ^^ ^^^ j^^^ ^^ j .^^^ 

in passing the prism and telescope was so great that it 
was necessary to carry the temperature to 1210° before 
a satisfactory observation could be made. At this de- 
gree the spectrum extended from the position of the fixed 
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line B in the red almost as far as tbo line F in tlie gi-een, 
the colors present being ret), orange, and a. tint which 
may be designated as gray. There was nothing answer 
ing to yellow. The rays first visible through this ap- 
jMiratus may therefore be designated as red and greenish- j 
gray ; the tui-mer coimuencing at the line B, and the lat- | 
ter continuing to F, as at 3. 

The voltaic current was now increased, and the tem- 
perature rose to 1325°. The red end of the spectrum | 
remained nearly as before, but the more refrangible < 
tremity reached the position of the little fixed line d. 
Traces of yellow were now visible, and, with a certain 
degree of distinctness, the red, orange, yellow, green, and 
a fringe of blue could be seen ; 4 shows the result. 

The temperature was now carried to 1440'. The red j 
extremily appeared to he advancing towards the line A; 
the blue had undergone a well-marked increase. It ' 
reached considei'ably beyond the line (x, as shown at ; 

On bringing tlie platinum to 2130°, all the colors were 
present, and exhibited considerable biilliancy. Their ex- 
tent was somewhat shorter than that of the daylight | 
spectrum.as seen at G. 

Having thus by repeated experiments ascertained the 
oontinued extension of the more refrangible end as the 
temperature rose, it became necessary to obtain obser- 
vations for degrees below 1210, the Hmit of visibility 
through the telescope. I thei'cfore carried the prism 
nearer to the platinum, and looking with the unassisted, 
eye directly throiigii it at the refracted image, found that 
it ootlld be distinctly seen at a temperature as low as 
1(W5\ Under these circumstances, the total length I 
CouXA m>t be compared by direct measurement with the J 
other observations, and the result given at 3 is as cor- 
rect as could be obtained. The colors were red and | 
greenish -gray. 

C 
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The gray rays emitted by platinum just beginning to 
shine appear to be more intense than the red; at all 
events, the wires in the field of the telescope are more 
distinctly seen upon them than upon the other color. 
The designation of gray may be given them, for they ap- 
pear to approach that tint more closely than any other, 
and yet it is to be remarked that they are occupying the 
position of the yellow and green regions. 

Already we have encountered a fact of considerable 
importance. The conclusion that as the temperature of 
a body rises it emits rays of increasing refrangibility has 
obviously to be taken with a certain restriction. Instead 
of first the red, then the orange, then the yellow rays, 
etc., in succession making their appearance, in which aise 
the spectrum should regularly increase in length as the 
temperature rises, we here find that at the very fii'st mo- 
ment it is visible to the eye it reaches from the fixed 
line B nearly to F, that is to say, it is equal to about two 
thirds of the whole length of the diflfraction spectrum, 
and almost one half of the prismatic. 

It is to be remarked that while the more refrangible 
end undei'goes a great expansion, the other extremity ex- 
hibits a corresponding though a less change. As very 
important theoretical conclusions depend on the proper 
interpretation of this fact, it must not be forgotten that 
to a certain extent it may be an optical deception, arising 
from the increased brilliancy of the light. While the 
rays ar^ yet feeble, the extreme terminations may be so 
faint that the eye cannot detect them, but as the inten- 
sity rises they become better marked, and an apparent 
elongation of the spectrum is the consequence. 

It is agreed among optical writers that to the human 
eye the yellow is the brightest of the rays. In the pris- 
matic spectrum the true relationship of the colore is not 
perceived, because the less refrangible are crowded to- 
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I gether, anJ the more refrangible unduly spread out. But 

IQ (lit! diftVaction spectrum, where the colors are arranged 

aide by side iu the order of their wave-lengths, the centre 

is twciipitd liy the most luminous portion of the yellow, J 

I and from this point the light declines away on one side 

I in the red, and on the other in the violet, the teniiiua- 

\ dtms being equidistant from the centre of the yeHow 

I space. 

Now if the rays coming from shining platinum were 

passed through a piece of glass on which parallel lines 

bad been ruled \v ith a diamond point, so as to give a 

difiractiim spectrum, even admitting the general results 

I of the foregoing experiments to be true, viz., that as the 

I temperature rises rays of a higher refraugibility are 

I emitted, it is obvious that it by no means follows that 

I the ray first visible should be the extreme red. Our 

power of seeing that depends on its having a certain in- , 

tensity. Even when it hiis assumed the utmost briJlian- ' 

cy which it lias in a solar beam, it is barely visible. We 

onght, therefore, to expect that rays of a higher refrangi- i 

bility should be fli-st seen, because they act more ener- 

L getically on our organ of vision ; and as the temperature I 

I rises, the spectrum should undergo a partial elongation 

I in the direction of its red extremity. 

I I may here remark that the genei'al result of these 

I experiments coincides exactly with that of M. Melloni 

I respecting heat at lower thermometric points. Iu Ins 

I si»coDd Memoir (Taylor's " Scientific Memoirs," vol. i., 

I p. 56) lie shows tliat when rays from copj»cr at ^90° and 

I from incandescent platinum are compared by transniis- 

I siou through a i-ock-salt prism, as the temperature rises 

I the refi-angi bility of the calorific emanations corresjtond- 

I iltgly increases. Those who regard light and heat as the i 

I flame agent will therefore see in this coincidence another 

I argument in favor of their opinion. I 
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In vie^v of the forescoiDsi: facts, I conclude that a8 the 
tenipercUure of an incayidescevt body rises, it emits rays of 
light of an increasing refrangihility, and that the appar- 
ent departure from this law, discovered by an accurate 
prismatic analysis, is due to the special action of the eye 
in performing the function of vision. And as the lumi- 
nous effects are undoubtedly owing to a vibratory move- 
ment executed by the molecules of the platinum, it seems 
from the foregoing facts to follow that the frequency of 
those vihrations increases ^vith the temperature. 

In this observation I am led by the principle that " to 
a particular color there ever belongs a particular wave- 
length, and to a particular wave-length there ever be- 
longs a particular color;" but in the analysis of the spec- 
tium made by Sir D. Brewster by the aid of absorption 
media, this principle is indirectly controveited, that emi- 
nent philosopher showing that red, yellow, blue, and con- 
sequently white light, exist in every part of the spectrum. 
This must necessai'ily take place when a prism which 
has a refracting face of considerable magnitude is used ; 
for it is obvious that a ray falling near the edge and one 
falling near the back, after dispersion, will depict their 
several spectra on the screen ; the colors of the one not 
coinciding with, but overlapping the colors of the other. 
In such a spectrum there must undoubtedly be a general 
commixture of the rays ; but may we not ftiirly inquire, 
whether, if an elementary prism were used, the same facts 
would hold good ; or if the anterior face of the prism 
were covered by a screen, so as to expose a narrow fis- 
sure parallel to the axis of the instrument, would there 
be found in the spectrum it gave every color in every 
part, as in Sir David Brewster's original experiment ? 
M. Melloni has shown how this very consideration com- 
plicates the phenomena of radiant heat; and it would 
seem a very plausible suggestion that the effect here 
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f pointed nut must occur in an mialogous manner for tbe 
I'pheDoniijna uf ligbt. 

I I nest pass to the third branch of this investigation — 
Ito examine the relation between the temperatures of self- 
rlaminous bodies and the intensity of the ligbt they emit, 
^premising it with tbe follovving considerations: 
I The close analogy which has been traced between the 
[.phenomena of ligbt and radiant heat lends countenance 
I to the supposition that the law which regulates tbe es- 
[■cape of heat from a body will also detemiine its rate of 
t emission of light. Sir Isanc Newton sujiposed that while 
f the temiHjrature of a bo<ly rose in an arithmetical pi'o- 
I gr^ssion, the amount of heat escaping from it increased 
ia a geometrical progression. The error of this was sub- 
serjueutly shown by Martin, Erxleben, and Deliiroche, 
and finally Dnlong and Petit gave the true law : *' When 
L a hot body cools in vacuo, surrounded by a medium the 
» temperature of which is constant, tbe velocity of cooling 

■ for excess of teniperature in arithmetical progression in- 
i ereaaes as the terms of a geometrical progression, diniin- 
lished by a constant quantity." The intnxlnetion of this 
leonBtant depends on the operation of the theory of tbe 
fc«[cbanges of heat; for a body when cooling under the 

■ rircumstances here supposed is simultaneously receiving 
I back a constant amount of beat from the medium of con- 
I slant temperature. 

I While Newton's law represents tbe rate of cooling of 
fbodies, and therefore the quantities of beat they emit 
vwheD the range of temperature is limited, and tbe law of 
I Dnlong and Petit holds to a wiiler extent, there are in 
lUie present inquiry certain circumatanees to be taken 
Vinto account not contemplated by those philosophers. 

■ Dnlong and Petit, throughout their memoir, regard radi- 
lant heat as a homogeneous agent, and look upon tbe 
■■thBury of exchanges, which ia indeed their starting-point 
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and guide, as a very simple affair. But the progress of 
this department of knowledge since their time has shown 
that precisely the same modifications found in the colors 
of light occur also for heat; a fact conveniently desig- 
nated by the phrase " ideal coloration of heat," and, fur- 
ther, that the wave-length of the heat emitted depends 
upon the temperature of the radiating source. It is one 
thing to investigate the phenomena of the exchanges of 
heat-rays of the same coloi', and another when the colors 
are different. A complete theory of the exchanges of 
heat must include this principle, and, of course, so too 
must a law of cooling applicable to any temperature. 

There is another fact to some extent considered by 
Dulong and Petit, but not of such weight in their in- 
vestigations, where the range of temperature was small, 
as in these where it rises as high as nearly 3000° Fahr. 
This is the difference of specific heat of the same body 
at different temperatures. At the high temperatures 
herein employed, there cannot be a doubt that the 
capacity of platinum for heat is far greater than that at 
a low point. This, therefore, must affect its rate of calo- 
rific emission, and probably that for light also. 

From these and similar considerations we should be 
led to expect that as the temperature of an incandescent 
solid rises, the intensity of the light emitted increases 
very rapidly. 

I pass now to the experimental proofs which substan- 
tiate the foregoing reasoning. 

The apparatus employed as the source of the light 
and measure of the temperatui-e was the same as in the 
preceding experiments — a strip of platinum brought to 
a known temperature by the passage of a voltaic current 
of the proper force, and connected with an index which 
measured its expansion. 

The principle upon which the intensities of the light 
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'neve determined wns that orii;iiially descrilied by Bou- 
;imr, and subsequently used by Miisson. After many 
ixpt'i-iiiieiits, L t'uund that it is tlie most accurate method 

ICDUWtl. 

Any one who will endeavor to detenuine the intenei- 
ti«3 ot' light by Kuniford's method of contrasting shftd- 
»ws, or by that of equally illuminated surfaces, will find, 
irhen every precaution has been used, that the results 
lof repeated experiments do not accord. There is, wiore- 
rver, the great defect that when the lights differ in color, 
[ 13 impossible to obtain reliaVde results except by re- 
to such contrivances as that descnbed in the 
PkiUiiiophicul Magazine, August, 1844. 

Bouguer's piinciple is far more exact; and where the 
ights differ in color, that difference actually tends to 
nake the result more correct. As it is not generally 
known, I will indicate the nature of it bi-iefly: 

Let there be placed at a certain distance from a sheet 

' white paper a candle, so arianged as to thi'ow the 

^adow of an opaque body, such as a rod of metal, on 

Bile sheet. If a second candle be placed also in front of 

ibe paper and nearer than the former, there ia a certain 

^stance at which its li^'ht completely obliterates all 

ices of the shadow. Tliis distance is readily found, 

fur the disappearance of the shadow can be detenuined 

Ifith considerable exactness. When the lights are equal, 

longuer ascertained that the relative distances were as 

nd therefore inferred correctly that in the case of 

■is eye the effect of a given liglit was inij)erceptible 

frben it was in presence of another si,\ty-four times as 

intense. The yn-ecise number differs according to the 

ieDsiblHty of different eyes, but for the same organ it is 

Upon a paper screen I threw the shadow of a rod of 
topper, which intercepted the rays of the incandescent 
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platinum ; then taking an Avgand lamp, surrounded by 
a cyliDdrical metal shade, through au apei'tuie iu which 
the light passed, and the flame of which I had fouod by 
pi-evious trial would continue for an hour of almost the 
same intensity, I approached it to the paper sheet, until 
the shadow cast by tlie copper disappeared. The dis- 
tance at which this took place was then measured, and 
the temperature of the platinum detei-mined. 

The teniperatui-e of the platiiiuni was now raised, the 
shadow became more intense, and it was necessary to 
bring the Ai^and lamp nearer before it was effaced. 
When this took place, the distance of the lamp was 
again measured, and the temperature of the platinum 
again determined. 

In Fig. 5, a ft is the strip of ignited platinum. It casts 
a shadow. A, of the metal i-od e on the white screen/^; 
<j is a metallic cylinder containing an Argand lamp, the 
light of which issues through an apertui-e, t?, and extin- 
guishes the shadow on the screen. 




S 



In this manner I obtained several series of I'esulta, one 
of which is given in the following table. They exhib- 
ited a more petfect accordance among each other than I 
had anticipated. 

The intensity of the light of the platinum is of course 
invci'sely projioitional to the squai-e of the distance of 
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r-'ltt or the Intensitij of lii/ltt emilled bij Platinum at Difermt 
Ttrnwralurcs. 







Uean. 




utUwplMluum. 
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lighE. 


»80° 








0.00 


IWO 


M.bn 


54.00 


R4.00 


0.34 


2015 


3i).on 


41.00 




0.»2 


2190 


24.00 




34.00 


1.73 


2345 


18.00 


i;i.(H> 


18..n0 


2.1)2 


t3f» 


14.00 


\T,.m 


15.00 


4.40 


a*:s 


11. .W 


VlMl 


11.7.i 


7.24 


«-.iM) 


!M)I1 


!I.IK1 


■).(10 


12.34 



J at the 



nt of tbe extinction of the 



tb 



the Ai^and 1 
shadow. 

In this table the first column gives the temperatures 
under exarainatiitn in Fahrenheit degrees; the second 
iiid third the distances of the Argaiid lamp from the 
ireeii in English inches, in two different sets of experi- 
ments; the fourth the mean of the two; and the fifth 
tbe corresponding intensity of the light. 

The results thus obtained pi-oved that the increa.se in 

ifae intensity of tlie light of the ignited platinum, though 

low at fii-st, became very rapid as tlie temperature wse. 

3590° the brilliancy of the light was more than 

tbirtj'-six times as great as it was at 1900^ 

Thus, therefore, the theoretical anticipation founded 
on tlie analogy of light and heat was completely veri- 
fied, the emission of light by a self-luminous solid as its 
temperature rises being in greater proportion than would 
rrespond to mere difference of temperature. 
To place this in a more striking point of view, I made 
►toe coiTespondinii: experiments in relation to the heat 
litted. No one thu.'» far had puldished results for high 
iperatares, or had endeavoretl to establish through an 
ixteflsive scale the principle of Delaroche, that "the 
inautity of heat which a hot body gives off in n given 
line, by way of radiation to a cold body situated at a 
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distance, luci^eases, other things being equal, in a progres- 
sion more rapid than the excess of the temperature of 
the first above that of the second." 

As the object thus proposed was mainly to illustrate 
the remarkable analogy between light and heat, the ex- 
periments now to be related were arranged so as to re- 
semble the foregoing ; that is to say, as in determining 
the intensities of liglit emitted by a shining body at 
different temperatures, I had received the rays upon a 
screen placed at an invariable distance, and then deter- 
mined their value by photometric methods, so in this 
case I received the rays of heat upon a screen placed at 
an invariable distance, and measured their intensity by 
thermometric methods. In this instance the screen em- 
ployed was, in fact, the blackened suiface of a thenno- 
electric pile. It was an'anged at a distance of about one 
inch from the strip of ignited platinum, a distance suffi- 
cient to keep it from any disturbance from the stream 
of hot* air arising from the metal; care was also taken 
that the multiplier itself was placed so far from the rest 
of the apparatus that its astatic needles could not be af- 
fected by the voltaic current igniting the platinum, or 
the electro-magnetic action of the wires or rheostat used 
to modify the degrees of heat. 

In Fig. 6, a h is the ignited platinum strip, c the ther- 
mo-electric pile, (1 d the multiplier. 

The experiments were conducted as follow^s: The 
needles of the thermo- multiplier standing at the zero 
of their scale, the voltaic current was passed thi'ougli 
the platinum, which immediately rose to the correspond- 
ing temperature, and radiated its heat to the face of the 
pile. The instant this current passed, the needles of the 
multiplier moved, and kept steadily advancing on the 
scale. At the close of one minute the deviation of the 
needle and the temperature of the platinum were si- 
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DQulUneously noted, 

uid tbeti the voltaic 

lurrent was stopped. 

Sufficient time ivas 

giren for tlie 

feeedles of the multiplier to come back to zero. This 

■time varied in the iliftVreiit cases, accordiug to the in- 

Itensity of the heat to which the pile had been exposed; 

■in no instance, however, did it exceed six minutes, and 

I in most cases was much less, A little consideration will 

[Show that the usual artifice employed to drive the needles 

pack to zero by warming the op]xisite face of the pile was 

pot admissible in these experiments. 

The needles having regained their zero, the platinum 

moB brought again to a given temperature, and the ex- 

riment conducted as before. The following table ex- 

llibits a series of these results. 

lu this table the first column gives the temperatures 

jpf the platinum in Fahrenheit degrees; the second and 

■bird, two series of experiments expressing the arc passed 

pver by the needle at the close of a radiation lasting one 

lainnta, each nunil)er being the mean of several suc- 

jeive trials, and the fourth the mean of the two. It 

iherefore gives the I'adlant effect of the incandescent 

^httinum on the thermo-multipUer for the different tem- 

Ijteratores. 

Of course it is understood that I here take the sngo- 
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Tabh 0/ the luUmihj of Rnd'mnt Heat emtlttd by Platinum at i 
ferent Temperaturti. 
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8.60 
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10.00 


10.00 


2a4.i 


12..10 


12.50 


I2..'iO 


aaiio 


'"■"" 


ir..60 


ir..w 



lar deviations of the needle as expressing tlie force 
tlie tbernio-eketric curvent, or, in otlier words, as beil 
proportional to the temperatures. This hypothesis, it 
known, is ndniissihle. 

It thei-efore appears that if the quantity of heat radi- 
ated by platinum at QSO" be taken as unity, it will have 
increased at 1440° to 3.5, at 1900° to 7.8, and at 
to 17.8, nearly. The rate of increase is, thei-efore, vi 
mpid. Further, it may l»e remarked, as illustrative 
the same fact, that the quantity of heat radiated byi 
mass of platinum in passing from 1000° to 1300° is 
ly equal to the amount it gives out in passing from 
nion temperatures up to 1000°. 

I cannot here express myself with too much emphi _ 
on the remarkable analogy between light and heat which 
these experiments reveal. The march of the phenomena 
in all their leading points is the same in both cases. Tl 
rapid increase of eftect as the temperature rises is coi 
mon to both. 

It is not to be forgotten, however, that in the 
light we necepsaiily measure its effects by an apparal 
which possesses special peculiarities, The eye i» ini 
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sihle to rflva not comprebended within certain limits of 
retrangibility. In these experiments it is requisite to 
raise the tenipernttii'e of the platinum almost to 1000° 
before «'e can discover the first traces of light. Meas- 
ares obtained under such circumstances are dependent 
on the physiological action of the visual organ itself, anil 
bence theij- analogy with those obtained by the thermom- 
eter becomes more striking, because we should scarcely 
have anticipated that it could be so complete. 

Among writers on Optics it has been a desideratum to 
obtain an artificial light of standard brilliancy. The 
preceding e.\periment8 furnish an easy means of supply- 
ing that want, and give us what might be termed a " unit 
lamp." A surface of platinum of standard dimensions, 
raised to a standard temi>erature by a voltaic current, 
will always emit a constant light. A strip of that metal, 
one inch long and -^ of an inch wide, connected with a 
lever by which its expansion might be measured, would 
yield at 2000° a light suitable for most purposes. More- 
over, it would be very easy to form from it a photome- 
ter by screening portions of the shining surface. An in- 
genious artist would have very little difficulty, by taking 
sdvantage of the movements of the lever, in making a 
self-acting apparatus in which the platinum should be 
maintained at a uniform temperature, notwithstanding 
any change taking place in the voltaic current. 



Note. — The experiments related in the foregoing pages 
Were made by me between 1844 and ISi". They were 
published in May in the latter year. 

In the fuUowiiig July. AL Mellnni, who was at that 
lime recognized as the chief authority on the subject of 
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radiant heat, i*ead before the Royal Academy of Sciences 
at Naples a memoir entitled "Researches on the Radi- 
ations of Incandescent Bodies and on the Elementary 
Colors of the Solar Spectrum." Tliis was translated into 
French from the Italian, and published in the Bihlio- 
theque Universelle of Geneva. It was also translated into 
English, and published both in England and America. 

M. Melloni commences his memoir as follows : " Among 
the more recent scientific publications will be found a 
memoir by the American professor J. W. Draper * On the 
Production of Light by Heat,' which appears to me to 
merit the attentive consideration of those who interest 
themselves in the progress of the natural sciences. The 
author treats in a very ingenious manner some questions 
allied to my own researches on light and radiant heat. 
In reading this interesting w^ork, several ideas have pre- 
sented themselves to me, which I have submitted to the 
test of experiment. I believe that an analysis of the 
memoir of M. Draper, accompanied with a brief account 
of what I have done, will not be without interest. 

" Every one knows that heat, when it accumulates in 
bodies, at last renders them incamUsceiit^ that is to say, 
more or less luminous and visible in the dark. Is the 
temperature neccvssaiy to pi-oduce this state of incandes- 
cence always the same, or does it vary with the nature 
of the body ? In either case, what is its degree, and what 
is the succession of colored lights emitted by a given sub- 
stance when brought to temperatures more and more ele- 
vated? Finally, what is the relation that subsists at 
different periods of incandescence between the tempera- 
ture and the quantity of light and of heat emitted by a 
body r 

Melloni then describes the apparatus and the processes 
I had used to determine the thermometiic degree of in- 
candescence and its uniformity for different substances. 
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LBe dwells on tlie fact that melted metals, sucli as lead, 
Eliave tbe same point of ignition. He agrees in excepting 

■ the phenomena of phosphorescence, and those in which 
■light is developed in chemical combinations. He re- 
Blliai'kd that " i;nnie philosophers of the highest eminence, 
■uuong them M. Biot, suppose that the iirst tight disen- 
I S^S**^ ^'y incandescent bodies is blue, and they have ac- 
■■COUDted for this on the principle of a theory now univer- 
I tally abandoned. But these cases," he adds, "ought to 
Wlte carefully distinguished from incandescence properly 
I speaking, which arises directly and solely from an eteva- 
ii'^on of temperature in the V^ody, iiud which always coni- 
i'mences with a red light. 

% "As to the exact degree of this temperature, the ob- 
I jeotions which might be raised against the mode em- 
I ployed by M. Drajier are of very little importance. If 
l,We compare the results at which he arrives with those 
■•that have been obtained by Wedgwood and DaninI, the 

■ difference is only 3if in excess iu the first case, and 3° too 
■little in the second. The differences are much greater 
pwhen compared with the deductions of Davy and Sir I. 
K^ewton, which gave 812° and 635°, respectively. But 
Kfaosc numbei-s, and especially the latter, were obtained 
Kty methods too imperfect to be trustworthy. Couse- 
fcuently the number 977° Fahr., given by M. Draper, 
Bnust approach very closely the degree of heat which 
^broduces the Hrst incandescence of bodies." 

H Melluni then descnbes the method I had resorted to 
Bi>r investigating the nature of the coloi's which are de- 
■»tflo|K!d by an ignited body as its temperature is in- 
HBreafied. 

B He dwells on the employment of a reference spectrum, 
Bnrhich was resorted to in consequence of the spectrum of 
Kb solid having no fixed lines — a discovery which has 
nbecome of the utmost value in astronomical s^iectrum 
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analysis. He states tlio results given in the foivgoii 
pages, and aJila: "In otlier words, the spectrum oft 
stnp of platinum which correaponds to th« red extremn| 
of the prismatic spectrum is at first very short, and co" 
tains only the less refrangible colors ; bnt as the tempera- 
tui'e rises, the spectrum of incandescence extends towards 
the violet extremity, ol)taining the more refrangible tints 
and at last acquiring all the ooloi-s and all the extent of 
the solar spectrum, except tlie tenuiual rays at the tW4 
extremities, which escape the observer evidently on i 
count of tlieir extreme feebleness. The same cause (n 
sensibility due to a want of luminous energy) makes t 
first spectrum appear at the red end a little shorter thi 
the last, because the less refrangible rays of that coU 
are, aa is well known, so feeble even in the solai" i 
trum that we are unable to perceive them, unless ibi 
are isolated in a place that is totally dark. Much m(X 
therefore, ought they to remain invisible to the observJ 
when the spectrum aiises from luminous agencies so litl 
energetic as ai*e those of the first periods of incandescence 

"To a perfectly sensitive eye the variations of length 
would evidently have taken place in the direction of the 
more refrangible rays only, and all the spectra vroii 
have commenced at the extreme limit of tlie red rays. ^ 

"It results from all these observations that when i 
incandescence of a body becomes more and more vivi 
and brilliant by the elevation of its temperatui-e, thera 
not only an augmentation in the intensity of the resrf 
ing light, but also in the variety of elementary cold 
which compose it; there is, too, an addition of rays i 
much the more refrangible as the temperature of t" 
candescent body is higher. In this theie is, therefoj 
established an intimate analogy between the progw 
development of light and that of heat. Indeed," M. B 
loni adds, "as eoon as I had convinced myself of t 
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imediatf^ transmission of every vanety of radiant heat 
irougb rock-salt, I availed myself of that vnluaMe prop- 
T to study the refraction of heat from various sources, 
id I discovered that radiations coming from those of 
high temperature contain elements more refrangible 
lan those which are derived from sources that are not 
I hot" 

M. Melloni then passes to a criticism of the methods I 

1 used in investigating the law of the increase of the 

juinous and calorific radiations, according as the tem- 

jratiire of the source of heat is elevated. 

He adds: '"The method invented by Bonguer to deter- 

line the relative intensities of different luminous sources, 

pd employed by Draper to measure the quantities of 

jht emitted by a strip of platinum brought to different 

I of incandescence, is tlie only one by which we 

[tuld hope for a successful result. Tlie method of the 

quality of shadows, well known under the name of 

umford's method, would have furnished in the research- 

a of the learned American uncertain data, on account of 

le difficulty of establishing an exact comparison between 

le accidental green tint introduced into the shadow en- 

ghtened by the yellow rays of the lamp and the red 

ht emitted by the ignited metal. As to the measures 

r the radiant heat, they were determined by the aid of 

le thermo-multiplier, that admirable instrument which 

t revealed to science so many new properties of calo- 

c radiations, and which still is rendering eminent 

ipviees in the hands of able chemists far beyond the 

Ipe. 

"The numbers obtained by M. Draper show evidently 
lat (he augmentations of both light and heat, though 
(?ble at first, become very rapid at List, from which it 
isalta that the radiations both of light and heat follow 
I tlie progresdon of qiiantitt/ the same analog)- tliat we 

D _m 
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have just observed in the p7'ogr€8sion of quality. These 
researches then conduct, as do othei's heretofore known 
on light and radiant heat, to a perfect analogy between 
the general laws which govern these two great agents of 
nature." 

The law of the radiation of heat, as illustrated by the 
foregoing experiments with an ignited strip of platinum, 
has been applied in recent discussions respecting the age 
of the earth. Geological evidence has satisfactorily es- 
tablished that the temperature of the eai'th was formerly 
much higher than now, and the decline that has hap- 
pened could only have taken place by radiation into 
space. Considering how slow the cooling now is — a 
scarcely perceptible fraction of a degree in the courae of 
many centuries — it would seem that to accomplish the 
whole descent, if even we go no further back than the 
paleozoic era, an amazing lapse of time would be re- 
quired. And if we accept the nebular hypothesis, since 
the original temperature must have been at least that of 
the suiface of the sun, the time must be correspondingly 
extended. Even if numbers could be given, the imagina- 
tion would altogether fail to appreciate them. 

But we have here experimental proof that the higher 
the temperature of a body, the moi'e rapidly it cools. A 
descent through a given number of degrees is more quick- 
ly made when a body is at a high than when it is at a 
low temperature. Anciently the cooling of the earth 
was more rapid than it is now. Not that there was any 
change or breach in the general law under which the op- 
eration was taking place, for the same mathematical ex- 
pression applies to all temperatures, no matter how high 
or how low they may be. Mr. Croll, in his recent re- 
searches on the distribution of heat over the globe, points 
out the bearing of these experiments. 
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Our estimate of the age of the earth, as deduced from 
the cooling she has undergone, must therefoi'e, in view 
of these considerations, be diminished — a result insisted 
upon by many recent authors. Too much weight must, 
however, not be given to this conclusion, since it ought 
to be borne in mind that the cooling was not taking 
place by radiation into space from the earth alone as a 
solitary body. She was in presence of a high extrane- 
ous temperature, which diminished her speed of cooling, 
and correspondingly increased the time. 

Though the problem of the age of the earth, as inves- 
tigated through the changes of her temperature, may not 
at present be capable of exact solution, it must be ad- 
mitted that the time required to bring her heat to its 
present degree must have been inconceivably long. 



52 SPECTRUM ANALYSIS OF FLABi£& [Mjsmoib IL 



MEMOIR 11. 

SPECTRUM ANALYSIS OF FLAMES. PRODUCTION OF LIGHT 

BY CHEMICAL ACTION. 

From the American Journal of Science, Second Series, Vol. V., 1848; Philosophical 
Magazine, I^ondon and Edinburgh, Feb., 1848; Harper's New Monthly Maga- 
zine, No. 323. 

Contents : — Spectrum analysis of a candle fiame. — Examination of 
various other flames. — Spectrum analysis of the light of a burning 
solid, — Flames consist of a succession of shells, — Spectrum of cyano- 
gen, — Combustion of flames in oxygen, — Effect of air in the interior 
of a flame, — The blowpipe cone, — General result^ tlu more energetie 
the chemiixil action the higher the refrangibility of the resulting light; 
the vibrations increase in frequency cw the chemical action is more 
violent, — Fraunhofer^s fixed lines. 

The production of light and heat by the combustion 
of various bodies is, of all chemical processes, that which 
ministers most to the comfort and well-being of man. 
By it the rigor of winter is abated, and night made 
ahnost as available for our purposes as day. 

One would suppose that, of a phenomenon on which 
so much of our personal and social happiness depends, 
and which must have been witnessed by every one, all 
the particulars ought to have been long ago known. 
Among scientific men its importance has been univei'sal- 
ly recognized. The earlier theories of chemistry, such as 
those of Stahl and Lavoisier, are essentially theories of 
combustion. 

It is nevertheless remarkable how little positive 
knowledge, until quite recently, was possessed on this 
subject. Some chemists thought that the light emitted 
by flames is due to electric discharges; othei's, regarding 
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;bt and heat as material bodies M-hicli can be incor- 
)rated or united with ponderable substances, supposed 
lat they are disenijaged as chemical changes go oii. lu 
lis confusion of opiuioas a multitude of interesting and 
litherto unanswered questious present themselves. It 

known that different substances, when burning, emit 
lys of different colors. Thus sulphur and carbonic 
tide burn blue, wax yellow, and cyanogen lilac. What 
■e the chemical conditions that determine tliese singular 
iffeitinces? How is it that, by changing the conditions 
combustion, we can vary the nature of the light? 
Id turn aside the tlaiue of a candle by means of a 
low-pipe, and a neat blue cone appeai-s. Why does it 
line with a blue Hghtl 

Such inquiries might be multiplied without end; but 

little consideratiou shows that their various answers 
»pend on the determination of a much more general 
robleui, viz.. Can any connection be traced between the 
lemical nature of a substance, or the conditions under 
hich it burns, and the nature of the light it emits ? It 

to the discussion of that problem that this memoir is 
Bvoted. 

Sir H. Davy has already furnished us \vith two im- 
ortant facts in relation to the nature of flame: 1st, All 
immoD flames are incandescent shells, the interior of 
hich is dark ; 2d, the relative quantity of light emitted 
spends upon the temporary disengagement of solid par- 
cles of carbon. 

It is only by a veiy general examination of the light 
rising from various solids, vapiirs, and gases, when 
oraiug, that we can expect to olitain data for a true 
leory of combustion. This is what I shall endeavor 
> furnish on the present occasion. 

Aa was foreseen l)y all the older chemists, the ti'ue 
lieory of combustion, whatever it may prove to be, 
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must neceasarily be one of the fumlamental theories < 
chemistry. It must include the nature of all chemia 
changes whatsoever. The subject is therefore not i 
interesting in a ])0(iular sense, but of great importanCI 
in its scientific counectiona. 

1. Primiatic analyses of the fiames of varimis va^ 
and gasea; proidng that they yield all the colors oj 
spectntm. 

I commenced this investigation of the nature of fla: 
and of combustion generally by an optical exaraiuatit 
of various bodies in the act of burning. Some auth^ 
have asserted that certain flames yield monouhromal 
light. It is necessary to verify this assertion, if true, 
set it aside if false. 

The instrumental arrangement I resorted to for tl 
determination of the structure of a fiaiue may be thi 
described : The rays of the flame of which the examim 
tiou was to be made passed through a horizontal sli 
one thirtieth of an inch wide and one inch long, in a 
metallic screen placed near to the flame, and were i-e- 
ceived at a distance of six or eight feet on a flilit-gli 
prism, the axis of which was parallel to the slit-. All 
passing the prism, they entered a telescope, which bad! 
divided micrometer and parallel wires in its eye-pie( 
Through this telescope the resulting spectrum was 
viewed. In this form of spectroscope no colHuiating 
lens was used. 

In Fig. 7, a is the candle, or flame which is to be ex- 
amined, b the screen with a horizontal slit, c the prii 
d d the telescope. 

If it be the flame of a lamp of any kind that is to 
examined, by using a movable stand we are able to rah 
or lower it, and thus analyze dift'erent horizontal eUmenta 
in its lower, its middle, or its upper pmts at pleasura 
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f, instead of a litnlzoutal, we wish to examine a vertictd 

tiement of the flame, the slit and the jjrisni nuist. of 

outae, be set vertically. The former mode possesses 

;reat advantages, as will be presently pointed out. It 

) to be undei'stood in all cases that the eye-piece of the 

elescope is adjusted to give a sharp image of the slit, 

nd the prism ia at its angle of minimmu deviation. 

By this an-angemeiit I have examined a great number 

F different flames, as those of oil, alcohol, solutions of 

wracic acid and nitrate of stiontiaii in alcohol, jihos- 

ihorus, sulphur, carbonic oxide, hydrogen, cyanogen, 

rseniuretted hydrogen, eta Among these, it will be 

loticed that different colors occur. Oil gives a yellow 

une, alcohol a pale blue, boracic acid green, strontiaii 

sd, phosphorus yellowish - white, sulphur aud carbonic 

ride blue, hydrogen pale yellow, cyanogen lilac, ai-seni- 

iretted hydrogen white, etc. 

Notwithstanding this diversity of color, nil these 

UBS, Bs well as many others I have tried, yield the 

ue result: every pnsmatic color is found in them. 

Even in those cases where the flame is very faint, as in 

Icohol and hydrogen gas, not oidy may red, yellow, 

■een, blue, and violet light be traced, but even bright 

Vaunhoferian lines of different coloi-a 
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This observation Lolds good for those flames reputed 
to be monochromatic ; for example, alcohol burned from 
a wick imbued with common salt. It is not only a 
yellow light which is evolved ; the other colors plainly, 
thoufich more faintly, appear. 

All flames, no matter what their special colors may 
be, evolve all the prismatic rays. Their special tint8 
arise from the preponderance of one class of rays over 
another; thus in cyanogen the red predominates, and 
in sulphur the blue. 

(Later experiments have proved that the spectrara 
thus containing all the prismatic colors, and acting as a 
background to the bright fixed lines, is not due, except 
indirectly, to the flame under examination, but to other 
causes, not here taken into account, especially the acci- 
dental presence of daylight, combustion of dust in the 
air, etc. The statements here given are, however, in 
accordance with observations actually made. These ai-e 
the efl^ects that will be seen in a partially illuminated 
room such as the laboratory in which these exjieriments 
were made. In a dark room the spectrum background 
disappeai'S.) 

The production of light in the case of flames is thus 
proved to be a very complex phenomenon. The chem- 
ical conditions under which the burning takes place are 
likewise very complex. The combustible vapor is sur- 
rounded on all sides by atmospheric air; diflfusion oc- 
curs, and rai)id currents are established by the high 
temi)erature. Such circumstances complicate the result; 
and it is only by observing the burning of an elementary 
solid, in which most of these disturbances are cut off, 
that we can hope to eftect a proper resolution of the 
problem. 

II. Prvsniatic analysis of the light of an elementary 
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9oliii burning at different temperatures; provhuj Oiat as 
Ute temjirsrature rm/f the mor& rtframjihh rays appear. 

I t(H>k from the file a piece of burning authracite coal 
—the fuel ordiiianly used in domestic economy in New 
Fork — and which from its compactness, tlie intense heat 
t evolves, and other properties, appears to be well fitted 
Ibr these investigations. This coal was placed on a 
npport 80 as to present a plane surface to the slit iu 
the metftl screen. The rays coming from it and passing 
lihe slit were received on the flint-glass prism, and viewed 
ithrough the telescope. 

When the coal was first taken from the fire, and waa 
burning very intensely, on looking through the telescopn 
aII the colored rays of the spectrum were seen in their 
proper order. I had previously passed through the slit 
I beam of sunlight reflected from a mirror, so as to have 
t reference spectrum with fixed lines. Now when the 
oal was burning at its utmost vigor, the spectrum it 
ave did not seem to dift'er, either as respects length or 
be distribution of its colors, from the spectrum of sun- 
ght; but as the combustion declined and the coal 
innied less Imghtly, its spectrum became less and less, 
be eborteuing taking jihice first at the more refrangible 
Ktremity, one ray after another disappearing in due 
nccession. Fii-st the violet became extinct, then the 
odigo, then the blue, then the green, until at last the 
, with an ash-gray light occupying the place of the 
rcllow, was alone visible, and presently this also went 



From nvimerous experiments of this kind, T conclude 
bftt titers I* a connection hetwee^t t/ie refrangiyiity of the 
'i^t which a hunting hody yields avl the inte-infittj of the 
iietnical action going on, and that the refrangihility al- 
9 increases as the fhemica}. action increasns. It might, 
puHiaps, be objected that, in the form of experiment here 
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introduced, two totally different things are confounded, 
and that the burning coal not only gives forth its rays 
as a combustible body, strictly speaking, but also as an 
incandescent mass. 

To avoid this objection as far as possible, and also to 
reach a much higher temperature than could have been 
otherwise obtained, I threw a stream of oxygen gas on 
that part of the anthracite which was opposite the slit ; 
but my expectations were disappointed, for, instead of 
the combustion being increased, the coal was actually 
extinguished by the jet playing on it. I therefore re- 
placed the anthracite with a flat piece of well-bumed 
charcoal, kindled at the portion opposite the slit, and 
throwing a stream of oxygen on this part, the combus- 
tion was greatly increased. A spectrum rivalling that 
of the sunbeam in brilliancy was produced, all the col- 
ors from the extreme red to the extreme violet being 
present 

On shutting off the supply of oxygen, the combustion, 
of course, declined, and while this was going on the vio- 
let, the indigo, the blue, the green, etc., faded away in 
succession. By merely turning the gas on or off, the 
original colors could be re-established or made to decline. 
It was very interesting to see with what regularity,. as 
the chemical action became more intense, the more re- 
frangible colors were developed, and how, as it declined, 
they disappeared in due succession; the final tint being 
red and that ash-gray in the position of the yellow which 
has been described in the preceding memoir. 

In the form of experiment here made the combustion 
is, of course, merely superficial ; and the rays come from 
the charcoal not as an incandescent, but as a burning 
body. 

in. Of the constitution of flainea; proving that they 
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Km«t«f of a series of coiicentric and differeiitltf colored 

KM/4. 

K I regard the foregoing experiments as affording the 
Bieaus wf e.v])laiiation of the much more complicated 
Bblienomena of flames, and proceed to inquire whether 
Kbe principle I have just brought forward of the co-or- 
Binate inci'ease of refrangibility and of chemical action 
Hritl hold good ; premising the experiments now to be 
Betniled with the following considerations. 
H All common flames, as is well known, consist of a thin 
^)ell of ignited matter, the interior being dark, the com- 
bustion taking effect on those points only which are iu 
contact with the air. Fi'om the circumstances under 
Hrhich the air is usually supplied, this ignited shell cau- 
|ot be a mere mathematical supei'flcies, but must have a 
|Bnsible thickness. If we imagine it to consist of a series 
F cone-like strata, it is obvious that the phenomena of 
wmbnstion are different in each. The outer stratum is 
1 contact with the air, and there the combustion is most 
perfect; but by reason of the rapid diffusion of gases 
ioto one another, cun-ents, and other such causes, the at- 
mospheric air must necessarily pervade the burning shell 
■te a certain depth, and in the successive strata, as we ad- 
Rance inward, the activity of the burning must decline. 
■Dn the exterior stratum o.tygen is in excess, at the iii- 
■erior the combustible vapor, and between these limits 
^Bere most be an admixture of the two, which differs 
Kit different depths. Admitting the results of the fore- 
boing experiments with anthracite coal aud charcoal to 
Be true, viz., that as the combustion is more active, lays 
Bf a higher degree of refrangibility are evolved, it fol- 
Burs that each point of ike mperficies of suck a flame 
Bi/«f yi^ld all the colors of the spectrum, the violet coming 
Bom the outer strata, the yellow from the intermediate. 
Be red from those within. If we could isolate an ele- 
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mentary borizontal section of such a flame, it would ex- 
hibit the appearance of a rainbow ring, and when those 
compound rays are received on the face of a prism, the 
constituent colors are parted out by reason of their dif- 
ferent refrangibility, and the eye is thus made sensible 
of their actual existence. 

When thus by the aid of a prism we analyze the light 
coming from any portion of the superfcies of a flame, we 
in effect dissect out in a convenient manner and arrange 
together side by side rays that have come from diffei'ent 
strata of the burning shell. These, without the prism, 
would have pursued the same normal path, and pit)- 
duced a commixed effect as white light on the eye, but 
with it are separated transversely, and each becomes 
perceptible. 

It is immaterial whether we impute the light emitted 
by, an ordinary flame to the liberation of solid particles 
of carbon in an ignited condition, and becoming hotter 
and hotter as they pass outwardly towards the surface, 
or consider these particles to be in a state of combus- 
tion. The experiments of an ignited wire in one case, 
and of charcoal in presence of oxygen in the other, lead 
to the same explanation. We are not to suppose that 
it is simply a gas which is burning; we are examining 
the light emitted by an incandescent solid — the carbon 
particles that for the moment are set free. 

(This explanation, that the luminosity of a flame is 
due to the temporary extrication of solid carbon, was 
given by Sir H. Davy. It has been called in question 
by Frankland. Experiments and criticisms have since 
been offered by Deville, Knapp, Stein, Blockmann, and 
others, but Davy's theory still remains substantially un- 
affected. This is the conclusion to which Heumann has 
come in his recently published researches on luminous 
flames (1876).) 
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I It miglit be supposed tJmt in tLe familiar instance of 
■en oil lamp, if we put any check on tlie supply of the 
lair, and thereby check the intensity of tlie combustion, 
Ive ought to produce a flame emitting rays of light the 
■n-frangibility of which becomes less and less, and which, 
Ifi-om their being ongiiially white, should pass through 
[various shades of orange, and end in a dull red. But 
pile compound nature of the burning vapor interferes 
Bivith that result; foi* when a certain point is gained the 
Diydi'ogen, for the most part, alone burns, the caibon be- 
Bug set free as smoke, and such a dame cannot support 
Rtself in strict accordance with the principle given. 
W We must, then, search fur other conditions under which 
marbon is found which are free from this difficulty. Two 
lilt once present themselves: they are carbonic oxido 
nnd cyanogen gas. In the former the carbon is alieady 
Bnnitpd with half the oxygen required for maximum ox- 
ndation : its complete combustion can therefore be carried 
Bon with a limited supply of atmospheric air; in the hit- 
■ter the carbon is united with nitrogen, which during the 
■combustion is set free, and intei-feres with the process by 
■cutting off the more complete access of the atmosphere. 
■ In place of the burning coal of the former experiments 
n Bubstituted a jet-pipe through which the various gases 
Buigbt be made to pass, and the rays emitted by their 
Hamea enter the telescope after passing through the slit 
Btnd prism. In this arrangement the slit should be hori- 
zontal and not vertical. So far from it being immaterial 
■rvhich of the two positions is seleetetl, very great advan- 
■bgea arise from the former. If the slit be vertical, the 
Ibriaiu, it is true, will separate the constituent colora from 
WQ» another, but it fails to show tlieir relative positions. 
Hf it be horizoutal. the relative positions of the different 
Beolors can be demonstrated, and it can be proved that a 
BiorizoDtal section of a flame is in reality, as has been al* 
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i-eaJy remaikeJ, a colored ring, the red heiiig tlie inner- 
most color, and the violet outside; for if this be the 
order iu which the colors occur, the red liug must neces- 
saiily have a less diameter than the green, and the greeti 
less than the violet; and when the prism, set in a hoii- 
zontal jHisition, separates those colors from each othei-, 
the sides of the resulting spectrum ought not to be par- 
allel, but inclined to one another, the breadth being least 
in the red and increasing towards the violet end. This 
increasing breadth proves that the constituent colored 
■ shells of the flame envelop each other, the violet being 
outermost, aud therefore broadest. This valuable indi* _ 
cation would be wholly lost if the slit were vertical. 

This being understood, I may illustrate the facte now , 
to be brought forward by an examjile of the prismatic 
analysis of a Lonzontal element of the flame of a spirit- 
lamp ; it being understood that the prism ia at its angle i 
of minimum deviation, and the spectrum seen throngbil 
the telescope. All the prismatic colors, in their proper'^ 
order, are visible ; the sides of the spectrum not being par- 
allel, the inclination being quite rapid towards the red 
extremity, the rays of which come fi'om the interior of 
the flame, where the diameter is less. Mere inspection is 
sufficient to show the rapid approach of the red sides to 
each othe!', and I eatisfied myself that even in the more 
refrangible regions there is the same want of parallelism, 
by rotating the telescope on its vertical axis so that the 
vei'tical wires in its eye-piece might coincide with fira^ 
one and then the other side of the spectium. It wUl 1 
understood that I took the proper precaution not to 1 
deceived by a partial want of achromaticity in the tele- 
scope, which might have led to a mistate. 

But further, the yellow space of such a spirit- flame.™ 
spectrum is crossed by a bright fixed line — Brew8tei*iJ 
monochromatic ray. It is a beautiful example of t' 
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lies just pointed out iu tliis method of horizontal 
aujilynis, being of much greater width than the rest of 
the specti'um, and recalling to the imagination the ap- 
pearance uf Saturn's ring when nearly closed and seen 
tbniugb a telescope of moderate power. This ray, from 
its superior Vjreadth, must necessarily come from that 
pale, tawny light which invests the bright part of the 
flame. This, which is readily seen when the flame is 
large, envelops the middle and upper parts, but cannot 
so easily be detected low down. It is to be attributed 
to the carbonic acid and steam that have risen at a high 
temperature in the burning shell, and are escaping at a 
I degree above that of incandescence into the air, and are 
mingled with oxygen diffusing from the air into them. 
I A similar tawny chiak suirounds the upper pai-t of the 
iUuue of a candle; it answere to the oxidizing flame of 
tlie blow-pipe, and yields Brewster's monochromatic yel- 
low light. 

(A few years subsequently this yellow ray was dis- 
, covered by Swan to be due to sodium. It is now known 
' an the lines D. At the date of this memoir it was not 
I Buepected that sodium is so universally diffused.) 

I IV. Mepliination nf the nature of colored fiames^ show- 
[ ing^for example, whij carbonic oxide bwms blue, and cy- 
[ anvjen red. 

I To return now to carbonic oxide and cyanogen. Fig. 
[ 8, No. 1, represents the solar sjiectrum w'ith its fixed 

lines; No. ^■^ represents the spectrum of carbonic oxide 
I burning iu the air. It begins in the red region short of 
I the fixed line C, and terminates between the lines G and 
I H. It yields, therefore, rays of eveiy color, and this in 
[ accordance with the principles we have laid down; but 

when the relative quantity and force of the rays are es- 
I timatcd in comparison with the sunlight spectrum, tbu i 
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red and orange are deficient, and the more refrangible 
colors predominate, and, indeed, it is the excess of these 
that gives the flame its characteristic blue tint. This 
agrees with what has been observed as to anthi'acite and 
charcoal; for with carbonic oxide a limited supply of 
oxygen can bring about the maximum chemical action, 
and therefore liberate in abundance rays of maximum 
refrangibility. 

This condition of things is inverted in the case of cy- 
anogen. It is the nature of its flame to be enveloped, as 
it were, in a sheet of nitrooren arising: from its own burn- 
ing, and this necessarily impedes the access of air and 
checks the intensity of the chemical change: a check 
which is at once betokened by the emission of a predom- 
inant number of rays of low refrangibility or of a red 
color. 

But there is a striking difference in the chemical con- 
ditions under which carbonic oxide and cyanogen bum. 
In the case of the former the whole gas is combustible, 
in the latter the carbon alone, and we have, in reality, 
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introduced an iucombuatible element iuto the flame; for 
as the carbon burns the incombustible uitrogeu is set 
free. It occurred to me, in selecting the gas for espeii- 
ment, that this condition should impress a physical char- 
acteristic ou the flame. I thought it was not impossible 
that dark Hues in its spectrum might be the result, be- 
cause there must be a peculiar arrangement of the burn- 
ing strata which together make up the shell of the flarae, 
every two atoms of carl)on setting free one of uitrogeu. 
I did not know, until subsequently, that this flame had 
ali'eady been examined by Faraday. Having therefore 
confined some cyanogen, made from cyanide of mercury, 
in a glass gas-holder tilled with a saturated solution of 
common salt, I burned it from the jet-pipe, and found 
that what I had surmised was actually the fact. There 
was a spectrum so beautiful that it is impossible to de- 
scribe it by words, or depict it in colors. It was crossed 
tliroughout its extent by black lines, separating it into 
'well-marked divisions. I could plainly count four great 
acd rays of definite refrangibillty, followed by one or- 
nnge, oue yellow, and seven green rays ; while in the more 
[nft«ngible spaces were two extensive groups of black 
QineB, recalling somewhat from their position, but greatly 
Lexoeeding in extent, Frauuhofer's lines G and H in the 
'sun-rays. I shall return to the consideration of this 
■Spectrum and to the relatlou of fixed lines presently, 
,Iiere only making the remark that the burning of cyan- 
>ogen, both as respects the color of the light and the oc- 
currence i>f fixed lines, is a direct consequence of the 
[principle 1 am establishing, 

r The unassisted eye detects two well-marked regions 
nil the cyanogen flame: a greenish-gray stratum on the 
Fontside, and a lilac-colored nucleus within. Decomposed 
[■by the prism, a horizontal element of this flame shows 
jitbat the exterior shell contains all the prismatic cold's, 
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except, perhaps, the yellow ; but tbe green, tbe blue, and 
tlie violet greatly predominate. The interior lilac flame 
is the source of the bright spectrum with fixed lines just 
described. 

V. Continnation of the same principU in (lie case in 
which combustion is earned on in oxygen gas instead of 
atmospheric air. 

If the principle that high refrangibility is connected 
with intense chemical action be true, it must hold good 
when the nature of the atmosphere in which the burning 
is carried forward is changed. If, instead of being the 
common air, it is oxygen gas, we ought to be able to 
foresee the result. Carbonic oxide, when made to bum 
in that gas, should not change its tint ; because if the air 
can carry on tlie process to its maximum effect, oxygen 
can do no more. But the result should be just the re- 
verse with cyanogen, which, if made to burn in oxygen, 
should be capable of emitting rays of higher refrangi- 
bility. 

Foreseeing this result, I submitted the two gases to 
experiment, and first arranged the carbonic oxide so 
that its spectrum might be examined in the telescope 
as already described; then causing a clean bell -jar full 
of oxygen to be inverted over it, the flame diminished 
somewhat in size, emitted a slight crackling sound, hvt 
retained its color unchanged. Its spectrum appeared pre- 
cisely the same both as respects extent and the distribu- 
tion of color, whether the burning took place in oxygen 
gas or in atmospheric air. 

If cyanogen be made to burn in oxygen, we should 
expect that it would lose to a great extent its character- 
istic lilac tint, and emit a whiter light. It was therefore 
very interesting to find that the moment the flame was 
immersed in oxygen it lost much of its pinkish color, 
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ftnd became of a dazzling brilliancy ; and on examina- 
tion throiijrli the telescope, tboiigb all the colors had 
increased in brightness, the most remarkable effect took 
place among the extreme refrangible raya Far out of 
the limits of the oi-diiiary spectrum a ray of great purity 
anil foi-co was developed, aa represented in the Fig. at 
No. 6. Its ailor m violet. 

I have made similar experiments on many other flames 
besides those here mentioned. It is not necessary to re- 
late them in detail, for they give the same results. In 
everj' instance of combustion in the air, when the flame 
is bright enough, all the colors are visible; and when 
the combustion takes place in oxygen tliey are increased 
in intensity. With hydrogen gas and alcohol the light 
is so feeble that the eye cannot catch the terminal rays; 
bnt as soon as the combustion is made in oxygen the 
ned and the violet both appear, the latter, however, pre- 
Horainatiug. Several of these spectra both in air and 
Btxygen are represented in Fig. 8. In No. 9, the letters 
mn g and m h indicate a ma.-simum of green and blue 
Hight iu the form of bright lines. 

I It does not require the use of a pnsm to satisfy one's 
ftelf of the change of tint that flames exhibit when the 
niemical action increases. In reality it is only necessai-y 
■o compare by eye-sight the color of the light emitted 
■n air and in oxygen gas. In the latter case rays of a 
Aiglier refi-angibility uniformly arise. 
B On the evidence furni.«hed by the foregoing experi- 
■aents I regard a common flame as consisting of a shell 
Rf ignited matter in which combustion is going on with 
Bi&ront degrees of rapidity at different depths, being 
Bioat rapid at the exterior, where there is a more perfect 
Boatact with ihe atmosphere, and diminishing inward. 
Hn a hnrizontid section, the interior space consisting of 
Bnburned vajior is block; this is surrounded by a ring 
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where the combustion is incipient, and from which reel 
light issues; then follow oiaiige, yellow, green, blue, 
irniigo, and violet circles m succession, the production 
of eaeh of these tints being dependent on the rapiiHty 
with which chemical action is going forward — that is, 
on the amount of oxygen present — the tints gradually 
shading ofl'into one another and forniiug, as I have said, 
a circular rainbow. An eye placed on the exterior of 
such a flame sees all the colors conjointly, and from their : 
general admistui'e arises the predominant tint. 

An examination of the flame of a candle verticaU, 
confirms this conclusion, for the red projects on the t 
of the flame, and the blue towards the bottom, 

Fi-om this, which may be regarded as the norm 
flame, the flame of cyanogen differs. It must consist c 
as many concentric shells as the prism separates it iaH 
regions of definite refrangibility. Its iutenor part \ 
therefore divided into four red layers, followed by oq 
of orange, one of yellow, seven of green, etc. There t 
two great inactive spaces towards the outside of t^ 
flame, corresponding to the two great groups of fixsi 
lines. Perhaps through all these inactive parts the i 
combustible nitrt^en chiefly escapes. 

VI. Effects of ike mtrodudion of air into the inte 
of a flame, protlticiug the deistruction of the red and 
orange strata, and converting thein i/Uo violet. 

It now becomes a curious subject to determine what 
takes place when an ordinary flame is disturbed by the 
introduction of air into its interior. When a blow-pipe 
jet is thrown througli the flame of an oildainp, the sharp 
blue cone which forms indicates, on the principles here 
set forth, that the combustion is much more artivc. But 
if the colors of the common flame come fi'om different 
depths, the red being the innermost, it is clear that the i 
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[ introduction of a jet of air l>y a blow-pipe should make 
! combustion rapid where before it was slowest, and 
the less refrangible coloi-a ought to be destroyed. A 
prismatic analysis should exhibit the spectrum of a 
blow-pipe flame without any i-ed or orange. 

In this examination no slit was required, as in the 

I former expenment«, for the cone itself, when at a dis- 

I tance of six or eight feet, was narrow enough for the 

[ purpose. It yielded a very extraordinary s|iectrum. As 

f I nuticipated, nil the red I'ays were gone; not a vestige 

I of either them or of the orange could be found. But 

the spectrum was divided into five well-marked regions, 

separated from one another by dark spaces. There were 

five distinct images of the blue cone : one yellow, two 

gl-een, one blue, and one violet. In Fig. 9 tliis result is 

represented. 

This experiment may be verified without a telescope. 
I On looking through a prism, set hoi-izontally at its angle 
f of minimum deviation, at a blow-pipe cone some six or 
[ eight feet distant, there will be seen a spectrum of that 
I part of the flarae which does not join in the production 
[ of the bine cone. It contains, of course, all the prismatic 
I colors. But projecting from this are five colored images 
I of the cone — one yellow, two green, one blue, and one 
violet. They are entirely distinct from one another, and 
I are parted by dark spaces. 

Such is the eftect of introducing air into the interior 
[of a flame, and destroying those 
I strata that yield the red and 
P orange colors. The effect of a 
iWow-jiipe is to produce two 
latrnta of blue liglit, one being 
[ fistemal, the other internal 
strata of green, one 
I external, the other inter 
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of combustion, steam and carbonic acid, mingled with 
atmospheric air, constitute the oxidizing flame, which 
envelops the blue cone, and emits Brewster's mono- 
chromatic yellow light. That the yellow light comes 
from this flame is proved by the greater length of its 
image. 

VII. Physical cause of ilie production of light hy chewr 
ical action . 

Do not the various facts here brought forwai"d prove 
that chemical combinations are attended by a rapid 
vibratory motion of the particles of the combining 
bodies, which vibrations become more frequent as the 
chemical action is more intense? 

The burning particles constituting the inner shell of 
a flame are executing about four hundred billions of 
vibrations in one second ; those in the middle about 
six hundred billions, and those on the exterior, in con- 
tact with the air, about eight hundred billions in the 
same time. The quality of the emitted light, as re- 
spects its color, depending on the frequency with which 
these vibrations are accomplished, increases in refran- 
gibility as the energy of the chemical action becomes 
greater. 

The parts of all material bodies are in a state of 
incessant vibration ; that which we call temperature de- 
pends on the frequency and amplitude of these vibra- 
tions conjointly. If by any process, as by chemical 
agencies, we increase that frequency to between four 
and eight hundred billions of vibrations in one second, 
ignition or combustion results. In the case of the for- 
mer of these numbers, the temperature is 977° Fahr. 
At this temperature the waves propagated in the ether 
impress the organ of vision with a red light. TTiis also 
is the temperature of the innermost sIteU of a flam£. If 
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^EPPOquency ofviliiatiun still increases, tbe temperature 
■■corresjwiidingly nses, ami tLe light successively becomes 
■orauge, yellow, greeu, blue, etc., aud this coutlition ob- 
Koius in the successive strata of a flame, as we pass tVuiu 
Kts iutcrior to its exterior surface. 

K The general principle at which I thus arrive, as the 
Kesult of this experimental iavestigation, viz., that there 
Bs a connection between the energy with which chemical 
■affinity is satisfied and the refrangibility of the resulting 
Hgbl, assumes the position of a simple consequence of 
■the undulatory theory. Is it not very natural, if all 
■chemical changes are attended by vibratory motions in 
■the particles of the bodies engaged, that those vibrations 
Mhould increase in frequency as the action becomes more 
■violent^ But au increased frequency of vibration is the 
lijBame thing as an increased refrangibility. 

M Vm On thephy^cal aiuse of FraunJiofer's dark lime. 
I Altliough I have extended this memoir to so great a 
■length, I have omitted many facts which have been 
Bmade the subject of experiment. I cannot conclude, 
■bowever, without offering some remarks on the artificial 
^wodaction and cause of Fraunhofer's fixed lines, 
H It has been stated that I was led to expect the pro- 
Huction of these lines in the flame of cyanogen, from 
fconsidering the circumstances under which its combus- 
^kon takes place. Returning to this phenomenon, I 
ftbAll here point out a very remarkable namerical re- 
Bation existing among the fixed lines of the solar spec- 
Kram. 

■ The following table contains Fraunhofer's determina- 
Bion of the wave-lengths of the seven great fixed lines 
B)f the spectrum, which are designated by the capital 
Betters of the alphabet from B to H. I have added the 
Brave-length of A from my own experiments. 
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Table of wave-lengths corresponding to the eight great fixed lines of 
the solar spectrum^ the Paris inch being supposed to be divided into 
one hundred millions of equal parts. 

A = 2660 E = 1946 

B=254l F = 17y4 

C = 2422 G = I587 

D = 2175 H = 1464 

An examination of this table proves that — 

Tlie wave-length of B is 119 parts less than A ; 
it u Q (( 238 " *' 

" • " D *' 485 " " 

it it £ ii 7J5 i( it 

it 4i Y ** 866 *' *' 

it it Q ti 2073 ** " 

it a H**1196 " " 

and these differences of length are obviously very nearly 
as the whole numbers 1, 2, 4, 6, 7, 9, 10. This coincidence 
is far too striking to be merely accidental. Moreover, 
it must not be forgotten that the observed numbers as 
determined by Fraunhofer are wholly independent of 
any hypothesis. 

If the relation of whole numbers were rigorously true, 
the numbers in the foregoing table would stand as fol- 
lows: 119, 238, 476, 714, 833, 1071, 1190. 

The wave-length of the most luminous portion of the 
spectrum, the centre of the yellow space, is 2060 parts. 
If we take this as an optical centre, it will be found that 
the great lines are situated symmetrically in relation to 
it. E and D are equidistant above and below it; the 
same observation applies to G and B, and also to H and 
A. The only departure from this sj^mmetry is in the 
case of F, which is not symmetrical with C. It will be 
understood that I am here speaking of one of those 
spectra which are formed when a grating or ruled sur- 
face is used. In this the colors are arranged side by 
side, according to their wave-length, the centre of the 
spectrum, which is its most luminous portion, is occupied 
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by the centre of the yellow space, and the light termi- 
nates at equal distances in the violet and red. 

Do not these observations lead us to conclude that 
the cause, whatever it may be, which produces these 
fixed lines is penodic in its action ? 

What that cause in reality is we have not now facts 
sufficient to determine. I would not affirm that the 
disengagement of incombustible matter by a flame will 
always give rise to dark lines. But this is very clear, 
that in all those cases, as cyanogen, alco'holic solutions 
of nitrate of strontia, of boracic acid, etc., in which these 
lines are developed, incombustible matter is uniformly 
disengaged. 

UxivsBSXTT OF Nbw York, Dtc. 25, 1847. 



74 INVISIBLE LINES IN THE SUN'S SPECTBUM. [Mkmoie UL 



MEMOIR m. 

ON INVISIBLE FIXED LINES IN THE SUN's SPECTBUM DE- 
TECTED BY PnOTOGRAPIlY. 

From the Philosophical Magazine, May, 1843. 

Contents: — The photogTraphy of Fraunhofer^s fixed lines. — The lines in 
the red due to absorption by the earth's atmosphere, — Nomenclature of 
the Fraunhofer lines, — Discovery of the invisible fixed lines, — Origi- 
nal map of them, — The new ultra spectral red lines a, /3, y, — Redis- 
covered by Foucault and Fizeau, — M, E, BecquereVs discovery, — Ex- 
periments in 1834. 

When a beam of the sun's light, directed horizontally 
by a heliostat, is admitted into a dark room, and, passing 
through a slit with parallel edges, is received on the sur- 
face of a flint-glass prism, which refracts it at the angle 
of minimum deviation, and, after its passage through the 
prism, is converged to a focal image on a white screen 
by the action of an achromatic lens, the resulting spec- 
trum is given in great purity, and Fraunhofer's lines are 
very distinct. If a photographic surface be set in the 
place of the white screen, it will exhibit the representa- 
tion of multitudes of dark lines, varying greatly in di- 
mensions. 

After several attempts last summer, I succeeded in 
discovering these lines, and have obtained impressions 
of them sufficiently perfect. 

Before proceeding to the description of the mode to be 
followed, and of the characters of the lines themselves, I 
cannot avoid calling attention to the remarkable circum- 
stance which has frequently presented itself to me of a 
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change in tbe relative vmbility of Fraunhofttr's 
* vvben seen on different occasions. There are times 
t which the strong lines seen in the red ray are bo fee- 
lie that the eye can barely catch them, and then again 
bey come out as dark as though marked with ludia-iuk 
a the paper. During these changes the other lines may 
r may not undergo corresponding variations. The same 
emark applies equally to the blue and yellow rays. It 
103 seemed to me that the lines in the red are more visi- 
tie as the sun approaclies the horizon, and those at the 
Qore refrangible end of the spectrum are plainer in the 
niddle of the day. 

(I subsetjueutly substantiated this remark, and satis- 
led myself that many of the lines in the red are due to 
kbsorjJtioii by the eai-th's atmosphere, and therefore more 
listiuct with a nsing or setting sun. Those in the more 
©frangible regions, the blue, tbe indigo, and the violet, 
re due to absorption by the atmosphere of the sun.) 

A sunbeam, passing horizontally from a beliostat mir- 
or into a dark room, was received on a metal plate with 
I 8lit in its centre, the slit being formed by a pair of 
larallel knite edges, one of which was movable by a 
oicrometer screw, the instrument being, in fact, the com- 
DOD one used fur showing diffracted fringes. The screw 
Iras adjusted so as to give an aperture -^ inch wide, and 

2 light passing through fell upon an equiangular flint- 
[Ltas pnsm ])laced at a distance of eleven feet. Imme- 
iiately on the posterior face of the prism the ray was 
'eceived on an achromatic lens, the object-glass of a tele- 
ape, and brought to a focus at the distance of six feet 
ix. inches, at which au airaugement was adjusted for ex- 

MttDg white paper screens, on which the greater fixed 
inus might be seen, or sensitive [dates substituted for 
h« screens, occupying jirecisely tbe same position. The 
ioes on the screens could, therefore, be compared with 
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those on the sensitive surfaces as to position and magni- 
tude with considerable accuracy. 

In order to identify these lines I have made use of 
the map of the spectrum published by Professor Powell 
in the Report of the British Association for 1839. With 
the apparatus, as above described, they are exceedingly 
distinct ; no difficulty arises in the identification of the 
more prominent ones. The spectrum with which I have 
worked occupies upon the screen a space of nearly four 
inches and a quarter in length from the red to the violet, 
or, more correctly speaking, from the ray marked in that 
map A to the one marked k. In stating, however, that 
no difficulty arises in identifying these lines, I ought to 
add that I am referring to that particular map. In 
the figure annexed to Sir John Herschel's "Treatise on 
Light," in the " Encyclopaedia Metropolitana," the rays 
marked G seem to diflFer from that in the report. But 
Professor Powell's map being drawn from his personal 
observations, with reference to these very difficulties, and 
as it agrees with my own observations and measures, I 
have employed it, and therefore take the letters he gives. 
(I may add that in all the earlier of these memoirs his 
nomenclature of the fixed lines is used. It differs a lit- 
tle from that now employed by spectroscopists.) 

It will be undei'stood that the trhole spectrum and all 
its lines cannot be obtained at one impression. The dif- 
ficulty is that the different regions of the spectrum act 
with different power in producing the proper effect. 
Thus, if on common yellow iodide of silver the attempt 
were made to obtain all the lines at one trial, it would 
l>e found that the blue region would have passed to a 
state of hiijh solarization, and that all its fine lines were 
extinguished by being overdone long before any well* 
marked action could be traced in the less refrangible ex- 
ti*emity. It is necessary, therefore, to examine the diflet^ 
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BDt regions in succession, exposing the 

lensitive siirfacu to each tur a suitable 

length of time. 
In Fii^. ]U I have giveu on the k't't 

ride a representatiou of the larger lines 

DfFraunhofer; the right side gives them 

BS oV^tained on a daguerreotype plate 

which has been iodized to a yellow, 
brought Vjy the vapuv of bromine to a 

red, aud then slightly exposed to the 

rapor of chloride of iodine. The pho- 
tograph is so adjusted us to have its 

linea by the side of those of Frauuhiifer 

ichich have the same name. It will be 

Ken that there are beyond the red ruy 

iree extra si)ectral lines, which I have 
(t, )i, y. These, however, I have 

mly occasionally found, for from the 

Kneral diminution of eft'ect in that re- 

[ion they do not always come out in a 

llaiD and striking manner. None of 

Traunhofer's lines in the yellow aud 
»en are given, but G and its corapan- 

)ns are very strongly impressed, as also 

be group about i. But I)y far the most 

triking in the whole photograph are 

hose marked H and k. Then passing 

(eyond the violet and out of the visible 

"mitB of the spectrum, four very strik- *"'«■"'■ 

g groups make their appeamuce. To the first line of 
ich of these, in continuation of Fi'auidiofer's nomencla- 
tre, I gave the designations M, N, O, P. In I there are 
iree lines, in M eight, in N three, in O four, and in P 
ire. 

these larger groups, the photographs were 
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crossed by liuiidrwla of minuter lioes, so that 
possible to count tliem. If nearly six Inimired have been 
counted between A and H, I should think there must be 
quite as many between H and P. In speakiug of these 
lines as though they were strong individual ones, the 
statement is to be taken with some limitation. It is 
quite likely that each of these bolder lines is made up 
of a great number that are excessively narrow and cloaa 
together. 

If the absorptive action of the sun's atmosphere be the 
cause of this phenomenon, that action munt take place 
much more powerfully on the more refrangible and ex- 
tra-spectral region. The lines exhibited there are bold 
and strongly develojied ; they ai-e crowded in groups to- 
gether. 

(Scarcely was the paper from winch the foregoing es»' 
tracts are made published in the PhiJnsopkical Ma^gi 
when I learned that in France M, E. liecquerel had sX 
ready photograjjhed the more refrangible lines, and pub-J 
lished statements to that effect. But he had not ob*- 
served those in the less refrangible regions, designated- 
by me a, j3, 7. 

In fact, the process I was using was one I bad recently> 
discovered : it consisted in permitting the daylight to 
fall along with the sun rays on the photographic surface. 
The daylight and the sunlight antagonized each other, 
and these hitherto undiscovered lines made their appear- 
ance as positive photographs. The peculiarities of tbiS' 
singular and interesting process I will describe hereafter' 
in one of these memoir's. 

In 1846, MM. Foucault and Fizeau, having repeated th( 
experiment thus originally made by me, pi'esented a coi 
munication to the French Acadenij- of Sciences. They 
had observed the antagonizing action above described, 
and had seen the ultra spectrum heat lines <(,)3,7. They 
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I Iiad taken the jirecaution to deposit with the Aoadeiuy 
I a si'aled envelope containing an account of their discov- 
[ «ry, not knowing that it had been made and published 
I long previously in Ameiica. 

I Hereupon M. E. Becquerel communicated to the same 
I Academy a criticism on their paper. In this he remarks: 
I "M. Draper, in examining the image produced by the 
I sctinn of the spectrum on plates of iodized silver, an- 
I nounced before those gentlemen the e.\istenee of protect- 
I ing raya antagonizing the action of the solar rays, and 
I even acting negatively on iodide of silver." He strength- 
I ened hia views by adding some observations that had 
I been made by Sir J. Herschel, who did not assent to the 
\ existence of this protecting action, V»ut thought that the 
I daguerreotype impressions could be explained on New- 
I ton's theory of the colors of thin plates, 
I Herschel had raa<^Ie some investigations on the distri- 
Ibation of heat in the spectrum, using paper blackened ou 
I oue side and moistened with alcohol on the other. He 
obtained a senes of spots or patches, commencing above 
the yellow and extending far below the red. Some writ- 
ers on this subject have considei-ed that these observa- 
tions imply a discovery of the lines a, |3, 7; they forget, 
however, that Herschel did not use a slit, but the direct 
image of the sun — an image which was more than a 
I quarter of an inch in diameter, as I know from the speei- 
[inens he sent me, and which are still in ray possession. 
I Under such circumstances it was physically impossible 
I that these or any otiier of the fi.ted Hues should be seen. 
As 1 bad thus been unsuccessful in obtaining irapres- 
r»ion8 of the fixed lines D and E — once only I thought I 
I perceived a line coiresponding to Frauuhofer's F, but it 
j exceedingly faint and on the whole doubtful — I siip- 
led that this furnished an argument for the physical 
dependence of the luminous and actinic rays, as they 
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were subsequently called. The Itnes D, E, F were, how- 
ever, afterwards photographed by my son, Henry Draper, 
and so the argument fell to the ground.) 

In 1834, when my attention was first drawn to these 
subjects, and I began to make prismatic analyses by the 
aid of sensitive paper, some of my earliest attempts were 
directed to the detection of these fixed lines. At that 
time I was employing sensitive paper, made with bro- 
mide of silver, precisely as has been subsequently done 
in Europe — a number of the results were published in 
the American journals during the year 1837. In the de- 
tection of the fixed lines I failed at that time entirely; 
but the bromuretted paper enabled me at that early pe- 
riod, when the attention of no other chemist was as yet 
turned to these matters, to trace the blackening action 
from far beyond the confines of the violet, down almost 
to the other end of the spectrum. I distinctly made out 
that the dark rays underwent interference, after the man- 
ner of their luminous companions, a result originally due 
to Arago, and printed some long papers in proof of the 
physical independence of the chemical rays and light and 
heat throughout the spectrum. 
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MEMOIR IV. 

IT THE NATITIK OF FLAME AND ON THE CONDITION OP 
THE SUN'3 surface. 

mti tbe American Jnarnal nf Science nnd Ant, Second Series, Vol. XXVI., 18.1^*; 
rbilawphicnl Moguiine, Feb., I8.S». 

nxTKSTs; — Davr'g Mjwrhaents on eleetrie light, — Dark tiae* rcpliiced 
iy bripht ones. — Electric tpurk between mtUillic sur/aeen. — The tititt 
Jtpend on the ehemieat nature of the subttanee from whifh the light is- 
fwei. — T/iei/ maij fie used /or delermlniaif the phi/tieal ennditioa of the 
tun aii-l stars.— Three hypolhesea i<f the eundiHoH cf the »u,ia siir/nce 
examlndl. 

Amono tlie more recent publications on Photo-cbein- 
try, there is one l>y Pi-ofessor Dove on tlie flectric light 
Philffsophkal JI<iJ/asi7ie,Nov., 1857) which will doubt 
S8 attract the attention of those interested in that 
ranch of science. Examination by the prism, and by 
tjBorbing and reflecting colored bodies, leads him to tbe 
mclusiou that it is necessary to consider the luminous 
ppearance as having two distinct sources: 1st, the igni- 
ion or incandescence of the material substances bodily 
»9sing in tbe conr^e of the discharge; 2d, the proper 
lectrical light itself' As respects tbe former, he illus- 
ntes its method of increase from low to high tempera- 
ares by supptjsing a screen to be withdrawn from the 
ed end of the spectrum through the colored spaces suc- 
ssively towards tbe violet ; and that of the latter from 
,e bluish brush to the bright Leyden spark, by a like 
reen drawn from tbe violet towards tbe red. 
The true electric light exhibits properties resembling 
lose observed in actual combustions, as though there 
F 
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were an oxidntion of a portion of the transltited matt 
when the spark is taken in air. The order of evolution 
of i'a_v8 in tliis iiistance Imppens to be the same as in the 
second illustiation of Professor Dove, that is, fi-oui the 
violet to the red. There are certain facts connected 
with these appearances of color which are not general!' 
known, and deserve to be pointed out. 

(I then give an abstract of the preceding memoir, am 
after speaking of the production of dark lines in the cj 
anogen flame, continue as follows:) 

In other cases dark lilies are replaced by blight oni 
as in the well-known instance of the electric spark 
tween metallic surfaces. Th^ occin-rence ofUites,wht 
hrlijht or ditrh, is hence connected with th^ chemical ni 
of the substance 2»'oducing the jfavte. For this 
these lines merit a much more critical eifamination tfai 
has yet been given to them, for by their aid we tuay 
able to ascertain points of great interest in other depi 
ments of science. Thus if we are ever able to acquii 
certain knowledge respecting the physical state of the 
sun and other stars, it will be by an examination of the 
light they emit. Even at present, Vty the aid of the fei 
facts before us, we can see our way pi-etty clearly to 
tain concUisiona respecting the sun. For since substam 
which are incandescent, or in an ignited state, throu| 
the accumulatiou of heat in them, show no fixed lin< 
their prismatic spectrum being uninterrupted fi-oiu ei 
to end, it would appear to follow that the luminous 
dition of our sun, whose light contains fixed lines, cann< 
be referred to such incandescence or ignition. At vj 
ous times those who have studied this subject have 
fered diftei-ent hypotheses: one regarding the sun a 
solid or perhaps liijuid mass in a condition of ignitionf 
another considering the light to be electrical; a third 
8upiK)sing him to be the seat of a fierce combustioD, 
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' Buch hypotheses we bave given reasons fov declining 
i first. Prismatic analysis, which demoDstrates no re- 
nblance between the light of the sun ami that of any 
'm of electric discharges with which we are familiar, 
ables us in like manner to reject the second ; and, upon 
e whole, facts seem most strongly to prepossess us in 
iror of the third; in artificial combustions similar fixed 
les being observed. If such is to be regarded as tbe 
lysical condition of the sun, we can no longer coutem- 
ate him as an immense mass slowly and tranquilly 
•ling in the lapse of countless centuries by radiation 
a space, as so many considerations drawn from other 
inches of science have hitherto led us to suppose, but 
must be regarded as the seat of chemical changes 
ing- on upon a prodigious scale, and with inconceiv- 
ile energy. 

If the law designated above, that the more enei^etic 
B chemical action in combustion the more refrangible 
emitted light, be translated into the conceptions of the 
tdulatory theory, it not only puts us in possession of 
idistinct idea of the manner in which the combustive 
lion of bodies is accomplished, the quickness of vibra- 
m increasing with the chemical energy, but it also en- 
les us to transfer for the use of chemistry some of the 
interesting numerical detenuinations of optics. 

at Nsw York, Uec. If), lSfi7. 



ICoTK. — I have thus presented the four preceding 
smoira as early contributions to the history of spee- 
1 analysis, and applications of spectroscopic researches 
golar physics or astronomical problems. I think that 
rluipB they will not be less interesting to the scien- 
I reader from the circum3tance of their imperfections. 



He will Dot look upon them from the present elevated 
point of view, but regard them as results gathered with 
much laljor liy a pioneer — results that have had some- 
thing to do with the development of the subject. 

The history of science shows that there have some- 
times been occasions ou which one investigator, writing 
at an opportune moment, has carried off from liis pred- 
ecessors all the credit they were entitled to, and, per- 
haps without any definite intention on his part, the 
world has unjustly awarded it to him. In America, as 
the foregoing memoirs show, some attention had been 
paid to the use of tlie spectroscope long previously ^H 
the time when M. Kirchoff occupied himself with ^^M 
subject. ^H 

Thirteen years after the publication of the first of 
these memoirs, M. Kirchoff (1860), in a memoir reganled 
at that time as the origin of spectrum analysis, and en- 
titled, "On the Relation between the Radiating and Ab- 
sorbing Powers of Different Bodies ftir Light and Heat," 
published, under the guise of mathematical deductions, 
many of these facts as discoveries of his own. This 
memoir appeared in German in Poggendorffs Annalen, 
Vol. CIX., p. 275, and was translated into English in the 
Philosophical Magazine, July, 1860. 

Among these deductions are the following. I quote 
M. Kirchoff's own language: 

" If a body (a platinum wire, for example) be gradu- 
ally heated up to a certain temperature, it ordy emits 
rays consisting of waves longer than those of the visible 
rays. Reyond that point waves of the length of the ex- 
treme red begin to appear, and as the tergperature rises, 
shorter and shorter waves are added, so that, for every 
temperature, rays of a corresponding length of wave are 
originated, wliile the intensity of the rays of greater 
wave-length is increased. 
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"Whence, applying the same proposition to other 
|-l)0(lies, it follows that all bodies, when their tempera- 
Iture is gradually raised, begin to emit waves of the same 
llength at the same temperature," etc. (Draper, PkU. 
\Mai/.,Yo\. XXX., p. 345. Bell, 1S47.) 

" For the same temperatuie the magnitude (I) ia a 
icontitiuous function of the wave-length, except tor such 
valuea of the latter as render (I) evanescent. The truth 
»of this assertion may be concluded from the continuity 
lof the spectrum of a red-hot platinum wire, provided it 
■be admitted that the power of absorption of such a body 
"i a continuous function of the length of the waves of 
Ithe incident rays." 

These, together with other facts, were presented by M. 

Kirchoff, not as experimental, but as mathematical results. 

No allusion was made to the fact that the whole subject 

^ad been extensively investigated, as shown in the pi-e- 

iding pages, many years before, the only reference to 

nuch investigation being that contained, as shown above, 

I parenthesis, which in the original ia in a foot-note, 

^nd even this was omitted in an historical memoir on the 

Mubject shortly afterwards published by M. Kirchoflf. 

As an example of the etfect of tliis, I may quote from 

Kthe C0UV8 tie Physique de T£cole Polt/tecknique, of Paris, 

[by Pi"ofe8sor Jamin : 

"M. Kirchoff has deduced the following important 

wnsequences : 

"Black bodies begin to emit at 977° Fahr. red radia- 

I tions, to which aie added successively and continuously 

I other rays of increasing refrangibility as the tem])e3'ature 

) rises. 

"All substances begin to be red-hot at the same tern- 
nture in the same enclosure. 
"The spectrum of solids and liquids contains no fixed 
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Subsequently, in the Philosophical Magazine (April, 
1863), a memoir appeared, under the title of " Contribu- 
tions toward the History of Spectrum Analysis and of 
the Analysis of the Solar Atmosphere," by M. Kirchoff. 
In this all allusion to the foregoing memoirs is avoided. 
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MEMOIR V. 

^TBE negative or PROTECTINO KAYS OF THE SUN. 

From the Pl;ila»o|ilucal MagaaiDe, Feb., 1847, 

iovTBNTS : — Original di»eottry of protecting radiation*. — Crut of a 
dagutrrrolypr plate. — Sptctrum-pkotograplts made in Virginia. — Pro- 
tecting action of the lea* refrangible rayt. — Prottetintf aetioit of the 
extrtmt violet. — Variatiom of the proteelvng action. — Spretrttm of 
llartnttt and gptetrtim of daylight, — Interference af rayit of different 
tolore, — Actiim. of wive* af red, yellow, and violet light viith wave- 
length* 2, li, l.— Uiie of the diffraction »ptetrum. 

In a letter published in the Philosophical Mu^jazine 
Uov., 18i2, I had occasion to make some iucideiital re- 
marks respecting a class of rays existing in the sunlight 
ffhich have the quality of exerting a negative or antag- 
mizing action upon those engaged in producing daguerre- 
(Eype results. 

In October last, MM. Foucault and Fizeau having 
made a communication to the French Academy of 
ciences to a similar effect, and M. Edmond Beequeifl, 
I criticising their results, having referred to me as the 
original author of the fact, I may on this occasion be 
excused for offering a few observations on this, which 
perhaps is destined to become one of the most important 
>heDomena in relation to the chemical action of the sun- 
light. 

That the opposite ends of the solar spectrum possess 
Opposite qualities is an idea which has been floating 
Rmong chemists for many years. The first distinct 
ttatement in relation to it with which I am acquainted 
It work published by Mr. B. Wilson, the second 
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edition of uliich dates as early as 1776. It is entitled! 
"A Series of Experiments on Phusphori." He showaJ 
that it is the more refrangible rays which excite th*| 
phosphorescence of sulphide of lime, but the less T^ranM 
gibh ones extiuyuish it when shinimj. ■ 

In 1801 Ritter found that chloride of silver whicM 
had been blackened in the violet rays had its color paw 
tially restored when placed in the red. He states alstn 
that phosphorus, which is oxidized with the productionB 
of fumes in the invisible red, is instantly extinguished 
in the violet. ■ 

The well-known experiments of Wollaston with guaiM 
cum served to show the opposite relations of the refl 
and violet rays. It is remarkable that he subsequentI]B 
abandoned this interpretation of the phenomenon, on 
discovering that green guaiacum changed its color bjH 
the application of a hot silver spoon. ■ 

In \^'A'd Sir J. Hei-schel encountered the same actioH 
in the case of some of the preparations of silver. Hiifl 
first idea was that of a positive and negative polarity* 
of the spectrum ; but this was subsequently modified 
tor the reasons set forth in his memoir {fhil. Trans., 
1840, § 60, etc.). 

In 1842 I had obtained some very fine daguerreotypi 
impressions of the solar spectrum in Virginia, and sin« 
that time have never doubted the actual existence ( 
these negative or protecting rays; and on this occasioil 
when that existence is rejisserted by Lerebours, Fizeaq 
and Foucault, I will make known certain new fiactt 
premising that I do not think the views taken by ] 
Becquerel are correct. They are founded on what seetnd 
to me to be a misapprehension of the phenomenon < 
the daguerreotype. 

A daguerreotype plate can exhibit three differeaji 
varieties of surface: 1st, a black aspect on those ] 
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fiona where it has been unaffected by light; 2J, various 
ifaades of white; 3(1, a colored blackuess, the tint of 
which may be of a deep watch-spHng lustre, or sonie- 
titnes of an olive shade. Persons familiar with the proc- 
i will undei-stand completely what I mean. The first 
of these conditions is represented in the deep shadows 
>f such a photograph, the places where the light never 
icted; the second is e.'chibited in the various intensities 
f whiteness, which constitute the figures of the picture, 
be whiteness varying in intensity according to the in- 
BDsity of the light; the third is the solarized or overdone 
odition, which arises fi-om too long an exposure to the 
»ys. Like the fii-st, this may be spoken of as a black- 
less, but in reality it is a dark green or blue or tawny 
Hut. It is this solarized condition of surface which M. 
Secquerel confounds with the first, the lilackness arising 
h>m the unchanged state; and it is precisely on this 
K)int that the whole argument turns. For the sake of 
laving distinctive words to mark out these three con- 
litions, I will call the first the unaffected state, the see- 
md the white state, and the thii-d the solarized state. 

The observations I made in Virginia were as follows: 

rhat if a solar spectrum Vie received on a daguen-eotype 

»late on which a weak daylight was simultaneously 

rting, the red, orange, yellow, green, and part of the 

)lae rays arrested the action of the dajlight on that 

(ortion of the plate on which they fell, and maintained 

tin the unaffected state; while the residue of the blue, 

lie indigo and violet, carried their part of the plate to 

I completely aolai'ized condition. This therefore seemed 

I justify the assertion that the less refrangible rays 

ect Dfiguerre's preparation from the action of a dif- 

I daylight. 

It was also found that if the plate were exposed to 

a daylight for a few seconds, so that had it been then 
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mercurializeil it would have wliiteiied uniformly all 
over, on being made to i-eceive the spectrum the h 
refrangible rays actually carried it back to the uiiaffecfr 
ei\ condition, revereing what had been already don& 
While the more refrangible rays were forcing it on to 
the solarized state, these were returning it into the con- 
dition of shadow; they therefore not only protect, but 
seem even to exert a imgative or antagonistic action. 

Sir J. Hei-schel has critically examined one of these 
Bpecimens, and has suggested an explanation of thar' 
appearance on the Newtonian principle of th<' tints ei*. 
hibited by thin films {Phil. Mag., Feb., 1843). But 
found that it was immaterial whether the exposure to 
the spectrum was for thirty seconds or one hour — tb« 
result was the same. The final action had been pn> 
duced, the less refrangible rays had carried their region 
to the itnaft'ected state, while the more refrangible had 
solarized theirs. Now if the phenomenon were due, aa 
M. Becquerel supposes, to an unequal action of the samft 
liind in the different rays, it is obvious that the final 
result ought to depend on the time of exposure; the 
red ray, aided by the daylight, should caiTy its portion 
through the various shades of white, and solarize it a& 
last. But this in the longest exposure never takes plscej 
that part of the plate remains as though a lay of lighl 
had never fallen upon it. 

Such are the facts I observed, and they seem to haw 
been reproduced by MM. Foucault and Fizeau; bal 
there are also others of a much more singular natui 
In these Virginia specimens the sawe protecting act 
reappearx beyond th^ violet. 

The only impressions in which I have ever seen tl 
pi'otecting action beyond the violet are those made 
Virginia in 1842 ; they were made in the month of July; 
Struck with this peculiai'ity, on my return to New Yoi' 
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the following August I niiide many atterapta to obtain 
similar specimens, but in no instance could the extra- 
violet jirotecting action be traced, though the analogous 
action of the red, orange, yellow, green, and blue was 
peifectly given. Supposing, therefore, that the difler- 
ence must he due either to impurities in the iodine or 
to differences iu the method of conducting the experi- 
ment, I tried it again and again in every possible way. 
To my mrprise I soon found that the negative effect vms 
gradually di-eappeanng ; and on Sept. 29 it could no 
longer be traced, except at the highest part coi-respond- 
ing to the yellow and green rays. In December it had 
become still more imperfect, but on the 19th of the fol- 
lowing March the red and orange rays had recovered 
their original protective power. It seemed, therefore, 
that in the early part of the year a protective action 
had made its appearance in the red ray, and about July 
extended over all the less refrangible regions, and as the 
year went on it had retreated ujiwarda 

Are there, then, periodic ebaugea in the nature of the 
sun's light ? The absorptive action of the earth's atmos- 
phere is out of the question : if that were the cause, the 
character of these spectrum impressions should vary 
with the hour of the day. Or is it not more probable 
that these singular phenomena rather depend on inci- 
dental changes in the experiment, such as e.xternal tem- 
perature, variations of moisture, the color of the sky,etcJ 

UiidL'r proper circumstances there is no diffii;ulty in 
exhibiting the power which the less refrangible rays 
exert in arresting the action of the daylight: under such 
circumstances a daguerreotype impression of the sun's 
spectrum yields all three of the varieties of suiface be- 
fore alluded to. The plate in the less refrangible and 
extreme violet region is imaffected ; a naiTow space of 
white separates these uuafi'ected portions from the iu- 
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digo and violet spaces, which are iu a highly solar 
condition. 

But a totally diflferent rt-suU is obtained when 
daylight is not allowed to fall ou the plate, either before 
or during its exposure to the spectrum. Under these 
circumstances the rays which would otherwise protect 
now act oa the plate and slowly whiten it. A daguerre- 
otype spectrum formed in darkness and without pre- 
vious exposure to the light exhibits a white stain over 
all the less refrangible regions, and bears a marked con- 
trast to one formed under the simultaneous action of a 
weak daylight. For brevity I will call the former the 
spectrum of darkness, and the latter the s])ectmm of day- 
light. The following are some additional observations 

In the spectrum of darkness there is in the white sti " 
a point of maximum action. This corresponds with tl 
maximum of protection in the spectrum of daylight. 

The white stain of the si)ectruni of darkness is appi 
eutly narrower than the protected space in the spectn 
of daylight. 

Rays of luminous or of non-luminous heat proji 
on tlie darkness or daylight spectra during their fori 
tion appear to exert no kind of special influence on 
result. 

The white fiinge which bordere the solarized porti 
is not due to anything analogous to conduction. Thi 
chemical changes, unlike thermal changes, cannot be 
ducted. 

By interposing between the prism and the dagueri 
type plate a small convex lens of shoit focus, so as 
intercept in succession each of the colored rays, I thli 
all over the plate, while the spectrum was in the act 
being impressed upon it, red, orange, yellow, and oti 
lights in succession; the object V>eiug to ascertain 
far the impressed spectrum would change when tht 
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loiiochromatie rays were used along with daylight, 
[erscliel bavini; previously ehown in similar expeii- 
leots that new phenomena arise during the conjoint ac- 
ion of rays {Phil. Trans., 1S40, § 64). The following 
some of the observations I made ; their date is Sept. 
14, 1842. 
The red ray when projected increases the length of 
le solarized poition, and also of its white extremities. 
The yellow ray shortens the solarized portion. 
The green ray exerts a greater action of the same kintl. 
The indigo ray gives a most remarkable result. It to- 
illy inverts the action of the less refrangible rays, and 
they solarize the plate, acting in the same way that the 
lore refrangilile rays coninionly do, causing it to exhibit 
watch-spring lustre. 

I further found that when different rays are brought 
1 act upon each other, the result does not alone depend 
;pon their intrinsic differences, but also on their relative 
tensities. Thus the green and lower half of the blue 
lys, when of a certain intensity, protect tlie plate from 
he action of the daylight ; but if of a less intensity, they 
id the daylight. 

The red and orange rays, when of a certain intensity, 
icrease the action of daylight on the plate; but if of a 

intensity, thej' restrain it. 
These facts seem to be connected with the circura- 
tance that there is often to be traced on daguerreotype 
dates ft remarkable difference between the central and 
iteral parts of a spectrum. Thus if a line be drawn 
hrough the centre of such a spectrum and a parallel to 
t on one of the edges, the action at any point on the cen- 
■al line is the reverse of that at the corresponding point 
Q the edge. A similar remark, as respects impressions 
D paper, has been previously made by llei'schel. 
Such are the chief facts I have observed in relation to 
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tlie daguerreotype spectrum. It woulJ seem at first 
sight that their diversity is so great that we can hai 
but little hope of reducing them to a cuminon system 
results oi'igiuating in the same cause. I have, however, 
been long led to believe that the explanation is to be 
met with in the great and fertile principle of interference. 
From this point of view I regard the aetion of rays 
every kind as being essentially positive, and that actii 
mainly consists in impressing a vibratory movement 
the atoms of the decomposing substance. It is to m] 
mind a fact of no common significance, that in those Vii 
ginia specimens the places of maximum protection in thi 
less and more refrangible regions fall where the lengths 
of the luminous waves have the e-vtraoitlinary relation 
of 2 : 1. Then, when we also see that, before a perfect 
neutralization of action between two rays ensues, those 
rays must be adjusted in intensity to each other, does 
not show that inteifei'ence of some kind is going oi 
Again, the yellow ray is in numerous instances the 
which most completely antagonizes those at the red am 
violet extremes of the spectrum : to use the language of 
Herschel, "This ray may be considered as marking a 
sort of chemical centre, a point of equilibrium, or rather 
a change of action in the spectrum," I cannot avoid see- 
ing that these phenomena are connected with the remarl 
able fact that the waves of red, yellow, and violet Hgl 
are of lengths which correspond to 2, 1^, 1. 

If, then, a powerful yellow ray can hold in check a 
ble violet one, and prevent it from decomposing iodi 
of silver merely because their relation of length is 
the ratio of 1^ : 1, it should follow on the same prim 
plea that a red ray acting conjointly with a violet slioul 
give rise to an increased effect, because the lengths hai 
now become 2 : 1. And that this is in reality the case I 
found by direct experiment ; for on projecting the red 
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>ou the violet, so that the colors should half overlaj) 
ich other, I found that at the point of concourse the 
|>late instantly solarized, and assumed a splendid green 
•metallic color. 

I have DOW explained the acceptation in which I re- 
ceive the negative ray as a synonym (in this instance of 
iodide of silver) for the yellow ray, and alluded to the 
mechanism which seems to be the cause of protecting ac- 
tion generally. Perhaps on a review of his own experi- 
ments M. Becquerel may find reason to believe that there 
are iu reality antagonizing actions in different parts of 
the spectrum ; actions not limited to the dagueiTeotyjte, 
but occurring in all kinds of cases. They have been met 
with by every one who has examined the spectrum witli 
sensitive papers, and, in a different series of phenomena, 
it Becquerel has himself furnished a conclusive illustra- 
He shows that when sulphide of lime and other 
bhosphorescent bodies in a shining state are exposed to 
^e spectrum, the more refrangible rays increase the glow, 
but the less extinguish it. 

It is proper to observe that some of the phenomena 
»rdnd in this communication which seem to be in op- 
isition to the principle set forth are not so in reality. 
(LU reasonings founded on the decomposition of light by 
prism, and the action of the prismatic spectrum on 
^angesble surfaces, are liable to eiror. The only meth- 
1 free fi-om these difficulties is to employ the diffraction 
wtrum formed by a ruled surface or a grating, a meth- 
which was projiosed eight years ago l>y Ilerschel 
kith a view of getting rid of the disturbing agencies 
rising from the ideal coloration of glass, and which I 
ret earned into effect in 1844 with so much success 
Ifaat the resulting daguerreotype impressions contained 
nhofer's lines, even with mici-oscopic minuteness. 
R'ith this spectrum we avoid a far more serious diffi- 
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ciilty than that of the ideal coloration of glass, a difficulty 
arising from the magnitude of the refracting faces of the 
prism. It is this which makes a prismatic spectrum 
blacken paper, made sensitive with the bromide of silver, 
from ,the red to the violet end ; whereas the diffraction 
spectrum shows that the true action is confined to the 
more refrangible side, and stops short of the centre of 
the yellow space. 

Univkrsitt of New York, Dec 24, 1846. 
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MEMOIR VI. 

ON TIIE DIFFRACTION SPECTRUM. 

Froui ihc I'hilosoptiiciil Mugszine, Mnrali, 18S7. 

CoimtsTS : — Mode o/ofilatninff tht dij^raetion spertrum, — The yellou it 
tn ilt middle ; it is a centre of ckeniieal uelion. — /( f* alto (A* hottest 
rait. — Diffrartion spectra hi/ re/ectiojt. — Cold lines. — Dilatation of the 
miire rrfranifible rai/i in the prismatic spectrum, compression of the less 
rr/ranffilile. — Action of the diffraction spectrum on suits o/iilver, — Use 
of wave-lengths for speetrunt division. 

M. EisESLonR having published in Poggeudorff's An- 
mien for June and August, 185fS, some researches on the 
diffraction spectrum, from which it appeared that he was 
not aware of the results I had obtained and published in 
18-14, 1 thought it well to call attention to tlieni, and this 
I did in a letter to the editors of the PhUomphiml May- 
azine, Vi]i\c\i they published in their journal for Mai-ch, 
1857, and from which the following extracts are made: 

At first I obtained the diffraction spectrum very much 
in the same manner that M. Eisenlohr has done, by pass- 
ing a beam of light directed through a vertical slit by a 
heliostat, and through a piece of ruled glass at twelve 
feet distauce. It was then received on an achromatic 
lens of about four-feet focus, which gave a sharply de- 
fined spectrum on a ground-glass or photographic sur- 
see. Subsequently I found that it was much better to 
ilver the ruled surface with tin amalgam, in the manner 
if a looking-glaaa, and thus employ a reflected spectmm. 
This is far more brilliant than the transmitted one, and 
the silvering acts so perfectly that the most minute fixed 
Hnes may be seen. 

G 
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In n work pulilislied in 1844 "On tbe Forces whi(^ 
Produce the Organization of Plants," the results I ob- 
tained were illustrated by steel engravings, one of tbeni 
colored, with a view of comparing the prismatic and dif- 
fi'action spectra, and of showing the photogl'aphic ac- 
tion on iodide, chloride, and bromide of silver. The 
results are sul)atantially the same aa those of M. Eiu 
lohr. They give the wave-lengths at which action be^ 
and ceases on each of those substances. Some of the i 
tails may be found in a former number of the J^kiU. 
teal Mayasine (June, 1845), and in that article it is { 
ticularly recommended to use wave-lengtha for desigoi 
ing rays, instead of titles of color, as red, yellow, etc. 

The chemical action of the diifraction spectrum i 
however, only given in part in M. Eisenlohr's iiublica- 
tion. He speaks of what occurs in the more refrangible 
regions, and takes no notice of the action in tbe centre of 
the spectrum, and in its less refrangilile space. 

1 will state in detail what I here mean. It is well 
known that in such a spectrum the yellow occupies the 
middle space, and that the light grades off in one direc- 
tion to the red, and in the other to the violet. These 
terminate at etjual distances from the yellow, so that 
the wave-lengths for the extreme violet, the centre of 
the yellow, and the extreme red, are as 1, li, 2. 

Now from the extreme violet to the yellow the spec- 
trum blackens silver preparations, and this is what is 
commonly understood by its chemical action by tliose 
who have wntten on photographic subjects. But from 
tbe yellow to the extreme red the spectrum is also active, 
though in a different way. This half is in antagonism 
with the other half It can suspend or arrest the black- 
ening which would be caused by con tempo ran eou^^ly act- 
ing diffused light; nay, even more, it can undo what such 
light may have doue some time before. Some remarks 
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on this topic may be seen in the Philosophical Magazine, 
February, 1847 (anil in Memoir V. of the present work). 

The centre of tbe yellow epace is therefore the point 
of a change in photographic action. Fi'om the commence- 
ment of tbe red to that point the action is negative ; from 
that point to the extreme violet it i» positive. The phase 
of action changes in tbe centre of ttie yellow. 

M. Eisenh>hr has made an allusion to the heating pow- 
er of tbe spectrum, and to that point my attention has 
also been directed. This is tbe result at which I event- 
ually arrived — that the centre of the yellow is the hottest 
space, and that the heat declines equally to the two ends 
tif the spectrum. I attempted to form a ditiraction spec- 
trum without the use of any dioptric media, endeavoring 
to get nd of all the disturbances which arise through 
the absorptive action of glasses by using as tbe grating 
a polished surface of steel, on which parallel lines bad 
been drawn with a diamoud,nnd employing a concave mir- 
i-or instead of an achromatic lens; and though my results 
were imperfect and incomplete, I saw enough to convince 
me that this is the right course to be taken in investi- 
gating the problem. It is absolutely necessary to employ 
a spectrum which has been formed by reflection alone. 

I will also add that, in the experiments here referred 
to, a method was employed for determining the temi>er.i- 
tures of narrow spaces, which may be recommended to 
tbose \vho are disposed to resume such inquiries. It is 
to use a blackened platinum wire, J of an inch long, and 
^iff of an inch in diameter, one end of which is fastened 
to the end of a bar of bismuth, and the other end to the 
end of a bar of antimony, each of these bars being \ of 
an inch square on the end and 4 inches long, their dis- 
tant e.\tremities communicating with a galvanometer. 
By carrj'ing the platinum wire transversely along tbe 
tpectmin, I expected not only to determine the distribu- 
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tion of heat, but also to ascertain wlietlier the heat 
tnini has fixed lines, like the liiniinnna and chemical 

This was at a time when 1 first began to suspect 
the essential difference between light and heat is 
viz., that while the vibrations of light are transver 
those of heat are normal, and its waves in that respt 
analogous to the waves of sound; but so feeble is t 
intensity of these spectra that I could do no more th; 
satisfy myself that in the diffraetiou spectrum the centi 
of the yellow is really the hottest space, as well as 
most luminous, I believe that there is a cold line in 
speetrnm answering in position to the dark line II, 
I could not absolutely demonstrate it. 

Nevertheless, so certain does it appear that the disi 
bution of heat corresponds to the distiibution of 11 
that I have not hesitated since that time to look i 
the centre of the yellow space as the point of maximui 
heat, from which there is a decline to each end of tl 
spectrum. And I accordingly made this the basis 
theory of vision, published in my Treatise on "Human 
Physiology." Such a view has the advantage of being 
sustained by many facts of comparative anatomy, 
obliges us, it is true, to return to the opinions entertaini 
of the functions of the black pigment more than a 
tury ago; but then it gives a very elegant explanatioi 
of the uses of the difterent parts of the ("etina, e.vamined 
in its radial section after the manner of AL H. Miiller, 
and of those of the choroid coat — structures which, 
without iqeaniug on the ordinary theory of vision. 
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NoTK — To the foregoing paragi'apha I may add 
the following as contributions to the theory of vision 
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Imayalso refei" to my Treatise on "Human Physiology" 
(185 6). 

There are ninny rays emitted by the suu and other 
shining bodies to which our eyes are entimly blind. 

Two different reasons may be alleged for our inability 
to perceive such rays: fii'St, they may not be able to reach 
the retina, the media of the eye not transmitting them; 
second, the retina may be so constituted as to be unable 
to i-eceive their impressions. 

It has long been known that rays which come from 
sheet^iron heated by a lamp cannot pass either through 
the cornea or through tlie crystalline lens. Even of 
those that are furniahed by an Argand flame, used as a 
luminous source of heat, leas thau one fifth pass through 
the cornea alone, and scarcely one fiftieth when the crys- 
talline lens is interposed. Cima showed that of the heat- 
rays emitted by a flame, less than one tenth pass through 
the cornea, lens, and vitreous humor conjointly. Jaussen, 
using a flame, compared the heat transparency of the 
separate media of the eye with that of water included 
between glass plates, showing that there is a perfect 
accordance between them if taken of equal thickness. 
From this it is to be concluded that invisible rays to a 
certain extent reach the retina. Fi'anz, by carefully cou- 
ducted e.\periments with a thernio-electric pile, came to 
the conclusion that a quantity of obscure rays detectable 
by the thermometer can reach the retina, which there- 
fore must be so constituted as not to be able to per- 
ceive them. 

This settles the question so far as the less i-efrangible 
or ultra-red rays are concerned. We have then to de- 
termine how it is with those at the opposite or more re- 
frangible end of the spectrum. Do these pass through 
the media of the eye, or are they arrested aud never 
reach the retina? 
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I mfide a senes of expeiimetits on these rays, 
found that they passed thmugh the different media 
the eye, examined separately, and what is moi"e to 
point, through them all collectively, with hut little loss.' 
There was no difficulty in obtaining a dark stain on pa- 
per made sensitive with chloride of silver, and placed at 
the back of the eye of an ox, from which the sclerotic 
and pigment had been suitably removed. In a gen- 
eral manner the media of the eye act like water on th< 
trauaraissibility of these rays. 

Admitting from these experiments that invisible 
well as visible rays reach the I'etina, we may next col 
sider the nature of the impresaiou made upon it, and 
thus brought directly to an investigation of the act 
vision. 

Thei-e are three hypotheses to be considered: 

1. That rays falling on the retina or black pigmei 
impftVt to those structures a rise of temperature. Tl 
may be termed the calorific hypothesis. 

2. That rays falling on the retina occasion a chemii 
change or metamorpltosis in its structure, implying the 
occurrence of waste in it, and therefore the necessity of 
repair. This may be termed the chemical hypothesis. 

3. That rays falling on the retina throw its parts into 
a vibratory movement, not necessanly attended by ai 
metamorphosis of tissue, as waves of sound occasion 
sentaneous pulsations in the auditory apparatus of 
ear. This may be termed the mechanical hypothesis 

First, of t}ie cakunjic liypothefAa "f vixion. Compara- 
tive anatomy offers certain facta which lend plausibility 
to this hypothesis. Some of the most remarkable of 
these relate to the construction of the eye in lower ani- 
mals. The ocelli, which consist of dark-colored or black 
spots, or black cup-shaped membranes containing within 
them the rudiment of an optic nerve, .ue the beginning 
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of an wgaii of vision. There being no optical apparatus 
for the production of images, the luminous iiupressiou 
mast be felt as lieat. For this the dark pigment is well 
designed. It is an old physical experiment to lay upon 
ihe snow on a sunshiny wiutei- day pieces of differently 
colored cloth. They will melt their way to a greater 
depth in proportion as their tint is deepe)*; the block, 
becoming the warmest, sinks deepest; the white, reflect- 
ing Diost of the heat-, scarcely melts the snow at all. 
Now an animal destitute of any visual organ can only 
be affected by the impressions of light in a very doub^ 
fnl manner; but if there be upon its exterior a black 
spot, not only is there a much higher sensitiveness be- 
cauM of the increased absorptive power for heat, but 
the sphere of its consciousness is greatly extended, fi-om 
the possibility of acquiring a knowledge of directions in 
space — a knowledge that becomes more and more exact 
with the increasing number and symmetrical arrange- 
ment of these ocelli. 

If we apply these principles to a more perfect form of 
eye, as that of man, we are led to a new interpretation 
nf the function of some of its parts. The black pigment 
becomes the receiving surface for images of external 
things, and rays falling upon it, in their diversity of col- 
or, brightness, and shade, in the act of Vtecoming extin- 
guished, engender heat. As with the tip of the finger 
|Mi-Hsing over an object we can discover, even in the dark, 
Bpaces that are warm and those that are cool, so the rods 
and cones of Jacob's membrane, acting as tactile organs, 
convey to the brain a knowledge of the momentary dis- 
tribution of heat on the dark concave of the eye. The 
pigment has thei-efore a far more important office to dis- 
cbai^e than that of merely extinguishing stray light and 
darkening the inside of the globe. 

But this caloi'iflc hypothesis is not without great dif> 
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ficulties. Heat suffers conduction. If tliis black pig- 
ment officiated as a traiistormer of Hgbt rays into lieatl 
by producing extinction, there must unavoidably be a 
latefal spread from the boundaries of w&vm to coolei 
spaces, the edges of images must be nebulous and with, 
out sharpness of contour. Moieover, there is reason 
believe that the visual apparatus cannot take cognizance 
of heat merely as such. Calorific rays reacli the black 
pigment and raise its temperature withuut the retina 
being affected. 

Such considerations seem, therefore, to exclude the cal- 
orific hypothesis, and prepare ua for an examination of 
the chemical. 

Second, of the chayiical Itypothesis of vision. Numer- 
ous discovei'ies made of late yeare in relation to the 
chemical action of light put us iu possession of many 
tacts having a bearing on this hypothesis. A majority 
of compound substances, both inorganic and organic, sut' 
fer chemical modifications when exposed to the access of 
light, and, what is veiy significant, these changes are oi 
casioned by definite classes of rays. One suVjstance findi 
its maximum of action iu the violet region, another in] 
the yellow, another in the red. The effect in every 
stance grades off towai'ds the less and more refrangibji 
spaces respectively. 

In these actions of decomposition thw-e is nothing liki 
lateral spreading, nothing answering to conduction. N( 
better proof of this is necessaiy than the exquisite sharp- 
ness of photographic pictures — a sharpness only limited 
by the optical imperi'ections of the lens with which they 
are made. The molecules on which the light falls are 
the only ones that exjierieuce change; there ia no propa- 
gation of effect from part to part — an important partici 
lar, because it is what we observe in the case of sight*. 

The retina, the nervous expansion of the eye, is so coi 
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ititnteil that a masinmra effect upon it is occasioned by 
e yellow ray, the action declining on one side to the 
d. ntid on the other towards the violet, and ceasing 
the exti-eines of those rays. For this reason, when a 
olar spectrum is examined by the eye, the yellow is the 
ao9t brilliant space, there being a decline in intensity 
pom it to the two extrenieg. 

In my expenments on the decomposition of carbonic 

rid by plants in the sunlight, to be described hereafter 

theae memoirs, the maximum of action was found to 

le in the yellow, with a gi'adation of effect towards the 

iwl and violet ends of the spectrum respectively. From 

lis it would appear that a relation exists between light 

id compounds having a carbon nucleus, answering to 

ist observed in the case of the retina of the eye. Such 

relation is very well illustrated in the case of other 

lemical elements, as silver, a metal which is the basis 

f all oi^dinary photographic preparations. The ray of 

naaximum action is in the indigo space. Objects viewed 

by a retitia having a silver sensitive nucleus would pre- 

lent an appearance altogether unlike that they would 

(ffer to a carbon nucleus. The order of brilliancy in 

he lights would be no longer the same. The red and 

«llow parts of olyects would be black, that is to say, 

tvisi!)le, and other rays beyond the violet would come 

Ito view. 

Among expenments I ha%'e made on this subject, 
lere is one of much physiological interest. The ele- 
lent phos])horus finds its maximum impression in the 
lore refrangible portion of the spectrum, in that respect 
eembling silver. Upon a portion of tianslucent ]>hos- 
bonis, enclosed out of contact of air in a flattened glass 
ibe, into whicli it had been drawn while meltyd, and 
leo suffered to solidify, a solar spectrum was cast. The 
Tect of light upon this kind of phosphorus is to turn it 
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eventually to a ileep mahogany red, ami cliemically 1 
throw it from an active into an inactive state, As am 
phous phosphorus, otherwise prepaj'ed, it ceases to j 
in the dark. In the experiments now alluded to, it ap- 
peared that this reddening takes place in the indigo and 
violet spaces, so that the fixed line^ known by spectrin 
scopists as those about H were beantifiilly depict€ 
Now some physiologists have supposed that nerve vM 
icle tissue owes its property to the presence of una 
idized phosphorus, but if the principles we are cont^ 
plating be correct, and this were the case, the most biij 
iant ray in the spectrum should be the indigo, and l 
the yellow. Thei-efore, if vision be performed by chta 
ical change in the substance of the retina, it is caib 
and not phosphorus that is concerned. 

If we admit that during the act of visiun the relini 
aa a structure witli a caibon nucleus, undergoes metfl 
morphosis, the principles of photo-chemistry would lead 
U3 to expect that the yellow must be the brightest ray, 
and a harmony is thus established between this 
other functional changes in the body. We also percejJ 
the significance of certain structures of the eye wh^ 
otherwise would appear to be without meaning, 
rapid retrograde metamorphosis which must be takil 
place in the retina involves the provision of some mei 
for moving away the wasted products and of supplyil 
nutrition with the utmost quickness. And tliis la i 
office discharged by the choroid. 

But such removals and supplies require time. Tin 
therefoi-e, entei"6 as an element in the visual operatW 
Sight commences instantaneously, but the image of i 
object may be seen long after the reality has dial 
peared. This instantaneous commencement of a retiij 
impression may be very strikingly illustrated, 
spark of a Le}'deu-jar, though it does not last, aa is 4 
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'finued, the niillluiitli of a secoiitl, can witliout any diffi- 
culty be pbotogiaplied eveu on so sluggish a cotupound 
as silver iodide. On the far more, sensitive retina the 
nical iiupi-essiou must be practically contemporane- 
tous with tlie inijiingiug of the light. 

If after the eyelids have been closed for some time, 

lire suddenly nnd steadfastly gaze at a bright object, 

ud then quickly clo-se the lids agaiu, a phantom image 

; perceived existing in the indefinite darkness before 

By degrees the image becomes less and less distinct; 

1 a minute or two it has disappeared. 

The ehemioal hypothesis renders a very clear explana- 

Hon of this effect — an explanation that commends itself 

► our attention as casting light in many cases on the 

nriotis phenomena of apparitions: phenomena that have 

sen not without influence on the history of mankind. 

The duration and gradual extinction of the retinal 

phantoms coirespoud to the destruction and renovation 

taking place in the retina itself. The blood supply is 

very ample, as are likewise the channels tor the removal 

of waste, but the operations retiuire time to be accom- 

_ plishcd. As in macliines contrived by man, so in natural 

■gans, the practical working does not alivays come up 

) the theoretical standard. Theoretically, as the retina 

Fers change under the incident light, the removal of 

ivaste and nutrition should go on in an equal manner 

_ lotli as to time nnd qiiantity. A marvellous approach 

to the ideal perfection is attained, for though the action 

of light must necessanly be cumulative, that is, inereas- 

with the continuance of exposure, objects do not 

hiconie brighter and brighter as we hwk at them, but 

hey attain their predestined distinctness at once. The 

:?tion of tlie light, the removal of the waste it is occa- 

g, and the supply for renovation are all eonteni- 

loraneously going on with au equal step, oi so nearly 
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90 tLat such luay be consklered to he tlie practi 
effect. 

TniRD, of the meclianival hypothem of vision. Tbi 
is a growing belief among those who are cultivating 
photochemistry tliat the mode of operation of a ray of 
light iu accomplishing chemical changes is by establii' 
ing vibratory movements among the molecules of 
substance affected. As has been affirmed, perhaps fai 
fully, of certain singers, that they cotild cause a gli 
goblet to fly to pieces by a proper intonation of th) 
voice, through the attempt of the glass by resonance 
execute incompatible vibrations, so it is thought that an 
incident ray may break asundei' a group of molecules by 
establishing among them discordant agitations. Chei^ 
ical decompositions by radiations become thus counecl 
theoretically with vibratoiy movements. 

But these are vibrations not necessarily attended 
any destruction of tissue. Waves of sound occasion such 
pulsations iu the apparatus of the car without producing 
any chemical change in the auditory nerve. ~ 

If we consider the retina as an elastic shell, of wlii 
the parts are put into a purely mechanical niovemi 
by the pulsations of light, we abandon without espial 
tion some of the most interesting portions of the str 
ure of the eye. Of what use is that wonderful net-w 
of vessels constituting the choroid! It is a principle in 
physiology that the sujfply of blood to a part is propor- 
tional to its functional activity. The elaborate vascular 
mechanism iu juxtaposition with the retina will bear no 
other inteipretatiou than that that tissue is the seat 
incessant chemical changes. 

Moreover, physical science in its present state is 
sufficiently advanced to furnish the means of clear 
comprehending such purely mechanical motions exe- 
cuted by the ultimate particles of things. We mai 
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Conceive of the comparatively slow swaying of groups 
of molecules uDiier tbe influence of normal pulsations In 
the air, but not of the dance of atoms disturbed by trans- 
Wse vibratioHS iu the ether. If, thei'efore, theie were 
arguraeuts of an anatomical kind to be presented 
Igaiust the admission of this hypothesis, we should be 
njielled to turu aside from it because of the inade- 
nacy of our knowledge iu tracing its conditions to their 
pplications. 

This, therefoi'e, is the conclusion at which we finally 
ariive— that vision depends on chemical changes, especial- 
r of oxidation, iu the retina, and that they approach in 
Iheir nature those tliat we speak of as phutogra^ihic. 
bere is no difficulty in understanding how such changes 
lay give rise to an influence transmitted along the optic 
terve to the brain, when we reflect that the oxidation 
^of a few particles of zinc may accomplish specific me- 
chanical results through many miles of intervening tele- 
graphic wire, producing mechanical motions as in the 
■ telegi-aph of Moi-se, or chemical changes as in that of 

V We have remarked that a critical study of the func- 
tion of vision cannot fail to lead to interesting results 
respecting the nervous system generally. Guided by 

ttbat remark, we may perhaps profitalily consider further 
Ibe vestiges of visual impressions, and the physical cou- 
litions under which they disturb us or sixmtaneously 
Dbtnide themselves on our attention. 
The perception of external objects depends on the 
rays of light entering the eye, and couverging so as to 
protluce images, which make an impression ou the retina, 
and through tbe optic nerve are delivered to the brain. 
The direction of these influences, so far as the observer 
ia concerned, is fi'oiu without to withiu, from the object 
to thu braiu. 
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But tbe inverse of this is possible. Impressions 
isting in the brain may take, as it were, an otitwai-d 
direction, and be projected or localized among external 
foraiB; or if the eyes be closed, as in sleep, or the ob«' 
server be in darkness, they will fill up the empty spi 
before him with scenery uf their own. 

Inverse vision depends jmmarily on the conditii 
that former impressions, enclosed in the optic thalami, 
registering ganglia at the base of the brain, assume sucl 
a degree of relative intensity that they can arrest the 
attention of the mind. The moment that an e<iualitj 
is established between the intensity of these vestiges 
and sensations contemporaneously received from the 
outer world, or that the latter are wholly extinguished, 
as in sleep, inverse sight occurs, presenting, as the 
sions may vary, apparitions, visions, dreama 

From the moral effect that ai-ises, we are very liabl 
to connect these with the snjwrnatural. In truth, 
ever, they are the natural results of the action of 
nervous mechanism, which of necessity produces thetiT 
whenever it Is placed, either by normal or morbid or 
artificial causes, in the proper condition. It eonfuunda 
the subjective and the objective together. It can 
either directly, as in ordinary vision, or inversely, 
cerebral sight, and in this respect resembles those insi 
ments which equally yield a musical note whether 
air is blown through them or drawn in. 

The hours of sleep continually present us, in a si 
of perfect health, Illusions that address themselves 
the eye rather than to any other organ of sense, 
these commonly combine Into moving and acting scenes, 
a dream being truly a drama of the night. In certain 
states of health appearances of a like nature intrude 
themselves before us even in the open dav, but these, 
being corrected by the realities by which they are &ur- 
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jDuntleti, impress us very differently. The want of unv 
pn between such images ami tlie things among which 
|iey bave intruded themselves, the anachronism of their 
dvent, or other obvious incongruities, restrain the mind 
"oni delivering itself up to that absolute belief in tlieir 
leality wliioh so completely possesses us in our dreams. 
Yet, nevei'theless, such is the constitution of man, the 
bravest and the wisest encounter these fictions of their 

tB'D orgimization with awe. 
The visions of an Arab merchant have ended in tinct- 
ring the daily life of half the people of Asia and Africa 
B* a thousand years. A spectre that came into the 
kmp at Sardis the night before the battle of Philippi 
nnerved the heart of Brutus, and thereby put an end 
to the political system that had made the Koman repub- 
lic the arbiter of the world. A phantom that apjieared 
to Constantine strengthened his hand to that most diffi- 
cult of all the tasks of a statesman, the destruction of an 
^ancient faith. 

^L Hallucinations are of two kinds — those seen when the 
^^fees are open and those perceived ^vhen they are closed. 
^Ko the former the designation of apparitions, to the lat- 
^Bn- that of visions, may be given. 

^K> In a physiological sense, simjtle apparitions may be 
^Bonsidered as arising fi-om disturbances or diseases of 
^Hie retina; visions, from the traces of impressions eu- 
^Hosed at a former time in the corpora quadngemina and 
^Bptic tlialami. 

^B From flying specks floating befoi-e us, the first rudi- 
^Bpeots of appantions, it is but a step to the intercalation 
^■f simple or even grote3<piti images among the real ob- 
^BjBcts at which we ai'e looking; and indeed this is the 
^^Banner in which they always offer themselves, as resting 
^Br moving among the actually e:!iisting things. 



The method by which the first photograph of the dif- 
fraction spectrum wfis obtained is described as fullows 
in the Philosophical Mayazine, June, 1845. 

The prismatic spectrum, even when every precaution 
has been used to obtain it in a state of purity, its fixed 
lines being visible, is liable to lead us into many errora. 
As respects its luminous or photic properties, we canqj 
determine the disti'ibution or intensity of the light 1 
cause the violet extremity is unduly dilated. As resp 
the chemical effects, the same difficulty occurs, for th4 
are necessarily controlled and disturbed by the law I 
distribution. All chemical actions occurring in the m(S 
refrangible regions, by being spread over a great space 
appear to be nioi-e feeble than what they actually are. 

In ft peifect ai>ectrum the moat luminous portion of the 
yellow should be in the centre; and from this the inteu- 
aity of the light should gradually decline, fading i 
on one side in the red, and on the other in the violfl 
At equal distances from the middle yellow point < 
either hand the intensity of the light should be eqad 
These beautiful results are due to Mosotti, who . 
states that the length of the extreme red wave is to thl 
of the extreme violet iu the simple ratio of 2 ; 1. 

The pnsmatic spectrum does not exhibit these fac 
The yellow is not in the centre; the blue, indigo, vioH 
are abnormally spread out, the spectrum having its ow 
law of distribution. But the diffi'action spectrum > 
ables us to observe them. 

By the aid of a heliostat, I arranged h(»rizontally iaj 
dark room a narrow ribbon of light, coming through a bHT 
sV of an inch wide, set vertically. At the distance of 
twelve feet it fell perpendicularly on a piece of flat glass, 
the surface of which was ruled with equidistant parallel 
lines by a diamond; and having been silvered with tin 
foil, after the manner of a mirror, it served the purpose 
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fa gratiug. The reflected beam went out through the 
pt at which it entered, and ou either side of it to th« 
ght and left the well-knowu double aeries of diffraction 
ictra made their appearance. I selected, for the obvi- 
I reason that it was not overlapped by its successor, 
ibe fii-st of the series, and intercepting it by an achro- 
patic object-glass, placed in the fucus a frame capable 
liolditig a grounJ- glass or sensitive surface. This 
priuue was adjusted until the fixed lines were distinctly 
jiicted upon it. 

For a further description of the reflected diS"raction 
jctrura I may refer to any of the elementary works ou 
ptics. It is sufficient for my pui'pose here to recall that 
The angular deviations of any two colors from the primi- 
tive incident ray are to one another aa the lengths of 
tlieii' res]»ective undulations. 
~ ■ On the ground-glass we see the fi.\ed lines, and the 
ugtb of waves corresponding to those lines has been 
U'efully deteiTuined by Fraunhofer. The following 
ble is extracted fi-om Hersehel's treatise on I-ight, the 
■tons inch being divided into one hundred millions of 
Igual parts: 

Iifngth uf wHve (-orresponding [o the fixed line B, S^41 pnrts. 

" " ■' " " " D, 21T5 " 

" " ■' E, IS46 " 

.. a .. .. .. <. j-_ ,794 .■ 

" " " ■' " '■ G, 138T " 

" " » " " " H, 146* " 

I When, therefore, we have any chemical, luminous, ther- 
mic, phosphorogenic, or any other effect under discussion, 
ia relation to the spectrum, we have only to determine 
its place among the fixed lines, remembenug in the dif 
■fraction spectrum the simple law that connects the devi- 
Btions and wave-lengths. In the mode of operation here 
Besciibt'd absolute exactitude is not reached because our 
I H 



measures are obtained fi-OQi n flat saiface, aud not upoD 
.1 cii-culai- arc. 

To the diffraction spectrum thus formed I exposed for 
half an hour a daguerreotype plate, rendered sensitive 
by iodine and then by bromine. It resulted that the 
Vjromide of silver is decomposed at a maxiiuum by a 
wave which is 0.00001538 of a Paris inch in length. The 
action does not extend equally, as we might have sup- 
posed, towards the more and less refrangible regions. 

I exposed a silver plate which had been prepared | 
iodine, bromine, and chloride of iodine successively, 
poiut of maximum fell as before at 0.00001538. 
time of exposure one hour. The decompoeition com- 
menced by a wave in the green space, the length of 
which was 0.00002007, aud was terminated by onej^ 
the violet, the length of which was 0.00001267. 
point of maximum action, therefore, inclined to the 
let, and was not midway between the extremities of the 
photogi'aph. The absolute length of the stain depends, 
however, on the time of exposure. 

I need not multiply these results. It is sufficient to 
add that in several ti'ials I obtained in these delicate ex- 
periments photographs of the diffi'action spectrum on 
different surfaces in great perfection. The fixed lines 
which are crowded close together were beautifully t^^ 
tinct. ^^ 

I would suggest, therefoi"e, that when ^ve wish to ^| 
dicate spectrum regions with precision, we should use 
wave-lengths. By doing this we shall connect the vari- 
ous actinic phenomena with a great many of the nuraep- 
ical results of optics, and have fixed points of comparii 
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MEMOIR VII. 

BTCDEE3 IN THE DIFFRACTION BPECTUCM. 

k popular exposition condensed from Iliirpcr's New Monllil; Magiiiinv, Vol. LV. 

}jrniirTS : — Ehmmlar-i drteripfion of the diffraelion Kptrlmm. — 
i'ottng't dincovery of inler/eretiet. — FretntCt ditcovfry of iranaverte 
vifirationt. — (Jmtcnift and the tpeeira thei/ yield, — Qratingt on rtfltct- 
ing rarfitrrii. — Optical aetion of a gratinif. — It» tptclra of dij^'trent 
ordfrt. — Interprttatiim of wavt-hiiglhn by the miml. — Mtntat 'ipiireet- 
atiaa of multiple wave-lrnffthi. — Refutation of the principle that to 
fVfry color (here Mungs an invariable iBave-length. — Ittertaat in the 
ranffe of prrcrpfion in the eye. — Ertfntion to photoffrapkic imprettiotu, 
— Sneroaihment on ike Jirst dark epace. — Photograpki of (he diffrac- 
tion tpectrum.^~Propoa(il to ute wave-lengtht for tpeetrum divitioru, — 
Ji^laeemenl of imayiwiry impoitder able jtriiici pies by ware-lenijtht. 

What is a diffraction spectrum 3 Every person who 
B3 read a book on ligbt is familiar with tbe pvismatie 
ipectrum, in tbe study of wbicb Newton displayed his 
iransoeudent philosophical powers. The diffraction I 
teve had occasion to refer to several times, and since it 
• less known, will now describe it. Some very curious 
phenomena connected with it I have personally e.\am- 
ined. It carnes us to a true interpretation of the rela- 
^Ds of beat, ligbt, and actinism; it offers some impoi-- 
suggestions respecting the mode of action of that 
lost wonderful of all organs, the brain, and therefore 
jnimends itself to onr most earnest attention. 
If we look at a candle flame placed ten or a dozen feet 
listant, tbe eyelids being so nearly closed that tbe eye- 
butlies intercept the incoming rays, we see on either side 
of the true image of the flame a succession of colored 
ones — rainbow streaks or fringes, aa it were. Examining 
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tliese particularly, we find tliat each of tlieui is blu 
tbii side Dearest to the true image, and red ou the more 
distant. Our iuvestigatiou will be simplified if we con- 
sider the action of a single eyelash. We can then real 
from that to the conjoint action of all. 

It is necessary, however, in the first place, to : 
some facts connected with the wave theory of Hgi 
The foundations of this theoiy were laid by Huyghei 
the gi-eiit Dutch philosopher, contemponiry with Newt( 
but its construction advanced very slowly, being oppi 
by the great authority of Newton, who favored the < 
pusculai' or emission theory, and regarded light as < 
sisting of particles emitted with excessive velocity 1 
shining bodies. Although there were facts, such as thof 
connected with double refraction, easily accounted i 
by the system of undulations, but inexplicable on 
emission theoiy, these were put a'iide, in the espectaUJ 
that they would in the course of time be succesafiiff 
dealt with. It was not until the publication of * 
eouree of lectures on natural and experimental philos- 
ophy by Dr. Young in 1802, in which he announced the 
great di^covery of the intei-ference of light, that the iin 
dulatoiy theoiy could no longer be overlooked, 
discovery was, however, still ndiculed by the ^inbnri 
Heview, and Young's e.\plaiiations so bitterly attackl 
that he was constrained to publish a pamphlet in repfl 
Of this it is said that only a single copy was sold. 

In 1819, a memoir by Fresnel was crowned by the 
French Academy of Sciences. He discovered that the 
vibratory luovemeuts in the ether constituting light au 
transverse to the couree of the I'ay. His views are i 
bodied in what is now known aa the theory of tra 
verse vibrations. 

The conflict between the rival theones was eventually 
settled by the experiments of Fizeau and Foucault. Ou 
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Newton's principles the pai-tielea of light should move 
taster through water than thi-ough air; on the theoiy of 
lluygheus, waves of light must move slower in water 
than in air. The experimeiita of the French physicists 
proved that the latter is the ease. This may, then, 
be considered as the successful estaMishment of the un- 
dulatory theory. It has, moreover, given that strik- 
ing proof of its truth %vhich may he considered as the 
criterion of any theory — the ability to foretell residts, 
This it did in the case of the discovery of conical re- 
fraction. 

Light, therefore, consists in the transference of energy 
or force, not in the transference of matter. 

The gi-ating I employed in the experiments hereinafter 

I related was made for me by Mi-. Saxton, at the United 
States Mint in Philadelphia, more than thirty years ago. 
Though from the work it did for me I cannot but speak 
of it with admiration— it enabled me to make the first 
photograph that was ever executed of the diffraction 
spectrum — yet it was far from being equal to the mag- 
nificent ones of Mr. Rutherfurd. This grating was five 
[ eighths of an inch long and one third of an inch in 
' breadth. Mr. Rntherfurd's gratings have in some speci- 
mens 17,240 lines to the inch. I had found previously 
to 1843 that it is more advantageous practically to use a 

Irffleeting than a transparent grating, and acwtrdingly I 
silvered mine with mercury-tin amalgam, such as is used 
in oi-dinary looking-glasses. Mr. Rntheifurd's reflecting 
gratings are coated with pure silver, by an operation 
more recently discovered. 
I will now relate the use of these gratings, and de- 
ecribe some of the ini])ortant discoveries made by them. 
L«»t a beam of Itgiit. S A', Fig. 11, pass through a nar- 
row slit, S, and fall perpendicularly on the ruled grating, 
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Fig 11. 

G, the lines of which are parallel to the sides of the slit. 
Concentric with the middle line of the grating let there 
be placed a circular zone or screen, Q', Q", Q'", Q"", of 
w^hite paper, through which there is an opening at A, to 
admit the intromitted beam. 

A beam of parallel rays passing along S G will give a 
bright image of the slit S w^hen it impinges on the screen 
at A'. This is the image by transmission. It would 
also give another similar image at A, w^ere it not for the 
opening arranged there. This is the image by reflection. 
Also from G, as from a central axis, there falls upon the 
cylindrical paper zone, covering its surface all over, an 
infinite number of radiations. 

These effects are seen with much more precision if 
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I there lie placed behind the grating a convex lens, or, still 
[ better, if the lens be the olijective of a telescope. 

Now the eye can ouly be impressed by special radia- 
tions consistiug of waves of a determinate length. Its 
vision is limited to those that impart to it a sensation of 
red on one hand, and of violet on the other. To all oth- 
«r9 it is bliud. Then, though the whole paper zone is 
receiving radiations of every kind, the eye selects out 
ouly those that it can perceive, and, as a result, sees in 
the four quadrants, Q', Q", Q'", Q"", those only for which 
: is fitted. 
It follows, therefore, that at A' there is a white image 
of the slit S, and to the riglit and left of this there are 
equal spaces, ^, ^', completely dark. Beyond, and sym- 
metncally on each side, there is a seiies of spectra, v r, 
v' /, v" r", etc., of which the violet ends are nearest A', 
and the red ends most distant. These spectra are des- 
ignated respectively as being of the 1st, 2d, 3d, etc., order. 
On each side the 1st spectrum is separated fi'om the 2d 
by an obscure space, r v', which is shorter than the first 
dark spuces, p,p', and the red end of the 2d spectrum is 
overlapped by the violet of the 3d. In like manner the 
8d is overlapped by the 4th, eta If the intromitted ray 
i of sunlight, and a convex lens or small telescope be 
Bsed, the dark Fraunhofer lines are seen in these spectra. 
Such are the results seen in the quadrants Q'", Q"", 
from the light transmitted through the grating. In the 
iquadrauts Q', Q", exactly the same train of phenomena 
Hfill be discovered^ — dark spaces and spectra, the latter 
laving their violet ends nearest to A, and the overlap- 
ping of successive ones taking place in the manner above 
described. 

Since the results are thus symmetrical in all the four 
quadrants, it is sufficient to select one of them for de- 
1 examiuatiou. Let it be the quadrant Q"". 
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Selecting one of the fixed lines, tlint iu tbe yellow 
space, tbe sodium line D, for example, in tbe successive 
spectra, it will be found tbat tbe distance which inter- 
venes between it and the middle of tbe white image A' 
is in tbe second double, in the third triple, etc., the dis- 
tance it is in tbe first. Tliese angular distances ai-e des- 
ignated as the deviations of tbe ray under examination. 
Fraimhofer proved that 

(1) The deviation of the same ray, e. g., D, depends on 
the sum of the width of a groove in the giating and of a 
transparent interval, being in the inverse ratio of that 
sum. 

(2) The deviation of any one of tbe colors of tbe Sjiec- 
trnm of the fij-st order, multiplied by the sum of a trans- 
parent interval and a groove, gives the length of a wave 
of light of that color. 

(.3) The deviations of the same color in the successive 
spectra increase as tbe whole numbers 1, 2, 3, 4, etc. 

(4) Tbe deviations of two colors in the same spectrum 
are to each other as tbe length of their undulations. 
Hence in all tbe violet is nearest to A', and tbe red the 
most distant. 

The undulatoiy theory gives a rigorous explanation 
of all these facts, Tbe lengths of tbe waves of light 
have hence been most critically and accurately del 
mined. 

"We may now examine more closely tbe spectrum 
is nearest to A' — the spectrum of the fii'st oj-der. 
ing completely separated from the othera, it presents the 
special facts most distinctly. At tbe ixtint where the 
light first becomes visible, the violet or inner end of this 
spectrum, the wave-length of the incident radiation 18,88 
Angstrom has proved, .3933, and tbe wave-length of tbe 
last visible radiation at tbe outer or red end is 7604, 
ten millioutbs of a millimeter. If we accept the velocity 
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of ligLt as deterrainetl by the esperimetits of Foucault, 
tlie ntimber of vibratious made by the ether in the foi"- 
mer of these radiations is 754 millions of millions in one 
^second, and the number in the latter case is 392 niilliona 
of millions in cue second. 

Or, to quote measures which are perhaps more familiar, 
ifiDd numbers as given by Hcrschel, though not so exact 
those of Angstrom, the number of undulations con- 
wined in one English inch at the extreme violet end is 
6y,750, and the number of vibrations executed in one 
»nd is 727,000,000,000,000. The number of uiidu- 
pfttiona in one English inch at the extreme red end 18 
7,640, the number of vibrations executed there in one 
»nd being 458,000,000,000,000. The velocity oflight 
used in these computations is 192,000 miles per second, 
ithat used in the pi'eceding paragraph, 186,000. 

Knowing the rate at which light moves in a second, 
land the wave-length of any particular color, it is easy to 
■ compute the number of vibrations made by the ether 
one second ft>r the pi-oduction of that color. This 
lis obtained by dividing the distance that light passes 
lover in one second by the wave-length of the color in 
I^OMtion. 

The numbers we thus obtain give us an idea of the 
Kscale of space and time upi>n whicli Nature carries for- 
Iward her works among the particles of matter. They 
miAso indicate to us tlie amazing activity of those portions 
i«f the brain which execute motions in accordance ^vith 
(those scales. 



The distribution of the colored spaces in the diffrac- 
Ition sjjectriHU is not the same as in the piismatic. In 
f the former the yellow space, which is the most lumiuoiis 

diation, is in the middle of the spectrum, and is not 
Iti'owded doM-n or compressed towards the red end, as iu 
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the latter. So tlie maximum iotensity or ilhiminal 
power is, as Mosotti first observed, iu tbe centre, the iii' 
tensity of the light decliuiiig symmetrically on each side 
to the end. 

The Italians have a clear perception, a quick appi-ecin- 
tion of the syQimetricftl and beautiful. When Mosotti 
iii-st stated this peculiarity of the diffraction spectrum, at 
a meeting of one of the Italian scientific societies, the an^ 
nouucement was received by the audience with loud 
clamations of joy. 

I may now describe some of my own studies of th< 
beautiful specti-a. 

Recalling, then, the principle that the wave-length of 
an incident radiation is proportional to its deviation, let 
us select upon the paper zone previously described the 
point where a ray is falling having a wave-length 7866. 
It is, of coui'se, twice as fai- from A' as was the violet 
end of the fii-st spectrum, for the selected deviation is 
double. If we inquire what interpretation the mind 
wUl give of a radiation having such a wave-length, an 
inspection of the zone shows that not only is it visible, 
but that it is regarded as being of a violet color. 

This is an important fact. We find that a radiation 
consisting of waves of a given length which is visible 
will also be visible when tlie constituent waves are twice 
that length. And in like manner it might be shown 
that the same will bold good when they are three, four, 
five, etc, times that length. Moreover, in all these cases 
the color impression imparted to the mind will be the 
same. 

Again, let us select upon the paper zone another point 
where the wave-length is 15,208. It will have double 
the deviation of the red end of the first spectrum. Now, 
agret^ably to the foregoing remarks, this point should be 
visible to the eye, and, for anything that has thus far 
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I been said, it should be interpreted by the mind as red 
I light, its wavedength being twice that of the red of th« 
' first spectrum. But it is obvious that here a new eon- 
sideratiou must enter into account. If this radiation 
Las double the wavedength of the first red, it has tnple 
the wavedength of the first yellow-greeu. Ou tlie prin- 
ciple just laid down, the mind may interpret it as red 
light or as yellow-green. Which will it do? 

I Examination of the paper zone, or, better still, through 
a tele8cH)pe, shows that the mind adopts lioth these in- 
terpretiitions, aud the same principle applying to other 
wave-lengths, this constitutes what we have spolien of 
S8 the overlapping of the second spectrum by the third, 
«tc: At the point here specially considered, both red 
and yelluw-gi'een light ai'e seen. 

From what has here been presented, it follows that 

I the principle considered as established in optics, that 
to every color there belongs a determinate wavedength, 
must be modified, since the same color impression will 
be giveu to the mind by waves that have twice, thi-ice, 
etc., that determinate wave-length. But should the 
wave-lengths under consideration answer to multiples 
of that of some other color, the mind will interjjret them 
as being of that color too. 

Moreover, these observations lead us to extend the 
range of perception of the eye. The prism would lead 
118 to infer that it can ouly be affected by waves the 
length of which is between 3933 aud 7604. Compari- 
sons have hence beeu drawn between the organ of vision 
I and the organ of hearing, to the disparagement of the 
former. The eai-, it is said, can embrace a range of sev- 
wal octaves, but the eye is influenced by less than one. 
The gfrtting, however, leads us to reject the restriction, 
and to place the eye more nearly ou an equality with 
the ear. 
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It is also to be borne in mind tliat by using very < 
(Tensed sunlight, or by resorting to fluorescent or otl 
optical contrivances, as several esperiinentei-s have domi 
the range of vision may be cai-ried beyond the prou 
violet limit. 

The pi-inciples here indicated must not be restrict 
to the luminous radiations; they apply to all othere t 
Thus if a photographic sensitive surface be made to i 
ceive the first spectrum, it will be impressed by certa 
of its radiations, chiefly by those above the line G. 
it be exposed in the second, third, etc., spectra, it ' 
again be impressed by the corresponding undulatiod 
having two, three, etc., times the former length. Fn 
this it may, therefore, be inferred that a chemical dei 
position of a given substance, brought about by umlula- 
tions of a certain length, will also be accomplishetl by 
radiations that are octavea of the first. 

It has been stated that a dark space,/), intervenes I 
tween the violet end of the first spectrum and the bngn 
streak A'. This dark space is at present an attract!^ 
and wonderful field of optical investigation. 



In Fig. 12, let A' represent the white sti-eak in i 
position of A' in Fig. 11 ; then from A' to v is the i 
dark space,/* ; from v to r, the spectrum of the first c 
its violet end, v, nearest to A', its red end, r, more < 
tant; from ;■ to i>' the second dark space; and fmm ^ 
to / the spectrum of the second order. The third spi 
trum overlaps this second, and the fourth the third, e 



H VII.] STUDIES IN THE DIFFRACTION SPECTRUM. 



125 



but these it is not necessary to consider. The two dark 
spaces, and especially the first, are the objects mainly to 
be examined. 

Previinisly to 1S44 I had attempted to obtain diffi-ac- 
tioB photographs with the gnttiug that Mr. Saxton gave 
me, and had met with great success. In that year I 
published engravings of them, the originals having been 
made on silver dagueri'eotype tablets, iu use ftt that time. 
By these I carried spectrum impressions as far as the 
wave-length 3800, and therefore encroached considerably 
on the dark apace p, towards A'. But collodion, since 
introduced, is a much moie sensitive preparation. It 
faas enabled Henry Di'aper, who has produced superb 
photographs of the more refrangible regions, to carry 
tbe impressions as far as 3032. 

According to M. Mascart, waves are emitted by incan- 
descent cadmium having a length not exceeding 2200. 
These stand still further iu the dark space ^. 

In these excursions iuto the dark space the experi- 
luents of Professor Stokes on the long spectrum of elec- 
tric light become not only interesting, but very impor- 
tant; for as we gradually approach A', the wave-length 
of the incident radiatiou is continually dinnnishing, and 
At A' it becomes zero. That point is the supreme limit, 
Jbeyund which no radiant manifestation of any kind is 
ssible. 

The goal towards which experimental investigation is 
uding is therefore ol)vious. We are gradually groping 
he way across the dark space, and expect one day to 
«ach the bright streak that lies at its terminus. At 
ivery step of advance the ether waves are becoming 
fcorter and shoiter, and the vibrations more and more 
Bpid. When the journey is accomplished, a region will 
lave beeu gained in which the waves are infinitely short, 
nd the vibrations infinitely rapid. 
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Several years before tlie announcement of the diet 
ery of photography by DagueiTC and Talbot (1839) I 
had made use of that process for the purpose of ascer- 
taining whether the so-called chemical rays exhibited 
interference, and in 1837 published the results in the 
Journal of the Franklin Institute, Philadelphia (July, 
1837, p. 45). Ill this, as will be seen by consulting that 
publication, I was successful. 

Encouraged by this result, I some years subsequently 
attempted to photograph the diffraction speeti'um itself. 

The following is an extract from the publication I 
made of this experiment in 1844; "Through a naiTOw 
fissure or slit, a, Fig. 13, I direct a beam of light hori- 
zontally, and at a distance of twelve feet receive it on a 
grating, b c, the lines of which are parallel to the slit. 
Having found that thei'e are advantages in using a re- 
flecting grating, I silvered this with tin amalgam, whi( 
copies the ruling peifectl}'. There is no difficulty 
placing ft e so that the ray coming from a falls per] 
dicularly on it, for all that is required is to move 
grating into such a position that the light, after refluction 
from it, goes back through the fissure a. At a distance 
trom i c of 
six inches I I 

place an ach- \a_ 

romatic ob- I 
ject- glass, d, I 
in such a po- 
sition that it 

shall receive perpendicularly the reflected rays _ 

spectrum of the first order. The lens is brought as near 
to the grating as possible without its edge intercepting 
the ray coming from a. In the focus of this lens, at ef^ 
a ground glass is placed. This portion of the apparai 
is, however, nothing more than the sliding part of a 
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lOD photographic cfliiiera, which contains the ground 
lass and sliields for sensitive preparations." 
In the pnhlication above referred to I gave engravings 
■of the results thus obtained; the fixed lines were marked 
hy their wave-lengths. The photographs were very clear 
mnd beautiful; they bore magnifying sis or eight times 
■without injury to their sharpness. 

I raay here be permitted to add that it was on the 
publication of these researches in 1844 that I first made 
Ihe suggestion to describe spectrum effects by wave- 
lengths, or what, perhaps, is still better, by ether vibra- 
^ions™-n method now generally adopted. I may give 
the following extracts: 

In the earlier discussions of the chemical effects of 
Jight, the different regions of the spectrum were marked 
out by the designations of the different colored rays, and 
;«ffect8 were described as taking place in the red or yel- 
low or violet regions respectively. An improved plan 
Iras proposed by Herechel, and followed by iiim in his 
Various writings. It consists essentially in dividing the 
«pace which exists between the red and yellow ray as 
insulated by cobalt blue glass into 13.30 parts, taking 
le centre of the yellow ray as the zero point, and 
mtinuing the divisions etjually into the more and less 
■angible regions. 
"Over these methods the use of the fixed lines pos- 
esses very great advantages, inasmuch as we make refer- 
Dce to actually visible points existing in the spectrum. 

" It has been stated that the deviations of the different 
ixed lines in the diffraction spectrum are proportional 
the lengths of the undulations which they respective- 
Jy represent. By designating the different points of the 
■pectrnra by their wave-lengths, the subdivision may be 
canied to any degi-ee of minuteness, the measures of one 
author will compare with those of another, and the dif- 
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ferent phenomena of chemical changes occurring throi 
the agency of light become at onee alHeJ to a multitude 
of othei* optical results. If it wei"e necessary, by a very 
simple arithmetical process we could determine the num- 
ber of vibrations executed by a ray bringing about a 
giveu decomposition in billiontha of a second. The 
fixed lines used in this way enable us at once to divide 
the diffraction spectrum into any number of parts, and, 
by comparing wave-lengths and the velocity of light, 
indicate effects either in space or in tim&" 

The diffraction spectrum, as we have seen, dil 
strikingly fi'om the prismatic in the arrangement of 
colored spaces. In the latter, the less refi'angible parts 
are compressed more and more in projKirtion as their 
refrangibility is less. Now there is reason to believe 
that in the former the colored spaces are equally warm, 
though so feeble is the calorific effect that all attempts 
at the direct measurement of the heat have proved 
unsatisfactory, 1 first made such attempts with very 
delicate thermo-electric apparatus, but could uot obtain 
suiBciently striking results. Admitting, however, that 
every ray, irrespective of its color, in the act of extinc- 
tion will generate the same amount of heat, it necessarily 
follows that in the prismatic spectrum the heat should 
appear to increase steadily from the more to the less 
refrangible end, because in it the compression of the 
colored spaces is becoming greater and greater, and this 
is what is actually observed. 

These considerations respecting the distribution of 
heat in the spectrum lead naturally to the examinatioQ 
of a much more comprehensive problem — indeed, one 
the most important problems that science presents — ' 
the constitution of the sunbeam. 

Until the time of Newton it was universally admitM 
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jilt is a pure uniiecoinposable elementary principle. 
e showed that this conclusion must be modified. No 
one, except Leibnitz, iu those days, aud no one for a long 
time subsequently, discerned the ominous import of the 
diseoveiies of this Prince of geometers. Of his detec- 
tion of the oiigin of Kepler's laws, and its necessaiy 
consequence of the mode in which the government of 
the universe is conducted, I have nothing here to say. 
Let U8 see how it was with his discoveries concerning 
light 

His interpretation of the experiment he made in the 
"dark chamber" was this, that light is not an undecora- 
posable element, as was at that time supposed, but that 
in reality it consists of not fewer than seven different 
constituents, recognizable by their color. These, if mixed 
in any manner together, whether by grinding tinted pig- 
ments or revolving parti - colored sectors, or converging 
the spectrum through a convex lens, would, by their 
union, produce white light. His felicitous experiment 
with the two reversed prisms silenced the carping critics 
of that day, who had declared that the colored tints 
with which he was working had no such origin as he 
affirmed — in difference of refrangibility— but were anal- 
ogous to the iridescent play of light on a pigeon's breast, 
or tlie moi'e gorgeous lustre of a peacock's tail, ft cost 
only a short struggle, and the theoiy of the composite 
Dature of light made good its ground. 

When, therefore, Herschel, in hia examination of the 
Bun's surface through colored glasses, came to the oouclu- 
fiion that the heat emitted Ijy the sun is essentially antl 
intrinsically distinct from the light, and that these ele- 
BientB may be parted from each other by refraction, he 
did no more than develop the principle that had been 
nnnounced by Newton; aud when, at a later period, 
loci extended these researches, and it was univei-sal- 
I 
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ly admitted that there are heat rays which, like 1 
rays, have various refrangibilities, this conclusion 
quite accordaut with Newton's resiilta. Heat was 
sidered as existing in the eolar beam independeut ani 
irrespective of light. lu fact, the one might be easily 
separated from tlie other. 

"When, again, the Swedish chemist Scheele, investigi 
ing the chemical action of light, showed that there ai 
rays invisible to the eye, and of greater refraugibilil 
than the violet, which can pi-oduce the decomjHJsitii 
of certain compounds of silver, these were considered 
be an additional element, and passed under the desig! 
tion of chemical rays, deoxidizing rays, etc. Ti'eated of 
in the works of physics of those times as imponderable 
bodies, there seemed to be no necessary limit to thef 
number. More than half a hundred ponderable 8 
stances were known. Why, then, should tbei-e not 
as many of these imponderable ones? This was tl 
view univei'sally entertained at the time I began tl 
experimental study of radiations. For such as are con^ 
cerned in producing chemical changes I suggested 
special designation, which, however, did not find accept- 
ance; the inappropiiate and unmeaning appellation, 
tinic rays, was preferred. 

Meantime, however, the uudulatoiT' theory of lig] 
had been steadily making its way. It was exhibiti; 
all the aspect of a great physical truth, in not on) 
rendering an explanation of known facts, but also 
predicting the occurrence of other facts previously un- 
known. Persons who were in the front of the scientific 
movement in this direction had thus their attention 
forcibly drawn to a contemplation of the whole suVyect 
from this new point of view. They very soon pei-ceivi 
that from it bonds of interconnection between fai 
hitherto supposed to be isolated might be diseerni 
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things that wei'c fmgnieiitary and confused spontaneous- 
ly fell into an ordeily arrangement. 

While the theoiy of o[»tics was making this great 
dvaiice, another important science, physiology, was pre- 
enting a similar development. It was casting off the 
Vital Force of the older medical authors, and acknowl- 
idgittg the dominion of chemical and physical forces. 
[t had become plain that the inteiTiretatioa of many 
ihenomena, as hitherto received, must be changed. 

"We may apparently have heat without light, and 
ight without heat. In the daikest room we cannot 
wrceive vessels filled with boiling water, yet the warmth 
; experience on approacliing them assures us that they 
tre emitting radiations. Is not this heat without light? 
i stand in the rays of the full moon, we cannot de- 
iny increase of temperature. Is this not light with- 
rat heat ? It is true that in this latter instance we are 
pistaken as to the fact; but overlooking that — for the 
teat to be detected in the moonbeams refpiires the most 
ensitive apparatus — do not anch observations assure us 
iliat beat and light are independent of each other, phys- 
lal principles having an existence separate from each 
tlher? 

Such were some of the arguments on which was sua- 
ained the hypothesis of the intrinsic difference of light 
md hent. In this, no account was taken of the optical 
ilDCtions of the eye. Qualities wei'e incorrectly attrib- 
ited to radiations which, in truth, were due to peculiari- 
* in the organ of vision. 

The great service which the diffraction spectrum has 
endered to science is the abolishment of all these ira- 
ginary independent existences — heat, light, actinism, 
tc — and the substitution for tliein of the simpler con- 
[eption of vibratory motions in the ether. The only 
^^erence existing among the radiations that issue from 
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a grating, in the manner we have been describing, is in 
their wave-lengths, or what comes to the same thing, in 
their times of vibration. The diversity of effects pro- 
duced depends on the quality of the surface on which 
they fall. K on a dark surface, and the more so in pro- 
portion to its blackness, they engender heat ; if on the 
I'etina, they are interpreted by the mind as light ; if on 
photographic preparations, they pixnluce decompositions, 
designated actinic effects. 

Heat, light, actinism, are, then, not natural principles 
existing independently of each other, but effects arising 
in bodies from the reception of motions in the ether, 
motions which differ from each other in their rapidity. 
Of those that the eye can take cc^izance of, the most 
rapid impart to the mind the sensation of violet light, 
the slowest the sensation of red, and intermediate ones 
the intermediate optical tints. Colors, like light itself, 
are nothing existing exteriorly. They are merely mental 
interpretations of modes of motion in the ether, and in 
this they represent musical sounds, which exist only as 
inteq)retations by the mind of waves in the air. 
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ON THE PnOSPHOUESCENCE OF BODIES, 
from Ihe Philosophical M»giiilne, Feb., 1851 ; Haipar's Kew Monlhly Magui 



'CoKTiirra: — £arli/ nbiervathm ok phoiphoreseence. — The dtamond. — 
Duration of ithadoun. — Letiitry'ii theory. — Z*w Fay't Ikeori/, — Quali- 
(m« of diamond and Jiuor-»pnr. — Tht volume of a 2'koapkortieenl body 
does iwt ekangt during its i/lote. — A slruelunil ekungt accotnpamei the 
ph/mpkoreitrenct of bodies ; lliert in a minute digntgarjeTnent of heat. — 
Photphoretcettce is not communicab/e. — Absolute quautilg of light ■ 

Theke are acme surfaces on winch if a shadow falls, it 
I be brought into view a lotig time subsequeotly. 
A belief in the exiatence of the carbuncle, a stuue 
lupposeil to have the property of sbiuiag iu the dark, 
■ppears to have been cui'i-eut from the very infancy 
of chemistry. It gave rise to many legends among the 
jUchemists, and early travellers relate marvellous stories 
Inspecting self-shining mountains and gems. Thus it 
Ms said that the King of Pegu wore a carbuncle so 
irilliant that if any of Lis subjects looked upon him in 
i dark, his countenance seemed as though it was ii-ra- 
liated by the aun, and that in a certain part of North 
laenca there was a mountain which illuminated the 
ftuutiy for many miles, and served by its rays to guide 
tie Indians at night. The stoiy seems to indicate that 
tie locality of this wonder was somewhere in the westr 
I part of Pennsylvania. Mr. Boyle relates that a gov- 
nor of one of the American colonies imparted this fact 
& him at a time wheu he was charged with the superin- 
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tenilence of those important settlements, nntl that an 
pedition had beeu despatched to ascertain the facts cor- 
rectly. It aaw the shining wonder from afar, but the 
light diminished aa the place was approached, and be- 
coming at length invisible, the locality could not be 
determined with certainty. 

These legends had for some time been passing into 
discredit, when Viucenzio Cascariola, a cobbler of Bolog- 
na iu Italy, who had abandoned the mending of shoes 
for the purpose of finding the philosopher's stone, discov- 
ered his celebrated phosphorus, the Bulognian stont?, or, 
as it was then designated, sun-stone {lapiii Solaris). He 
bad seduced himself into the expectation that a heavy 
mineral he had met with — barium sulphate — contained 
silver, and in an attempt to melt out that precious metal 
was astonished to see that the burned substance shone 
like an ignited coal in the dark. This was iu the y 
1602. 

Some time sfterwards a Saxon of the name of Baldi 
conceived the idea of obtaiuing the soul of the world by 
distilling iu a retort chalk which had been dissolved in 
aqua fortis. In this extraordinary pursuit accident led 
him to observe that the substance he was working with 
possessed the quality of shining in the dark after it had 
beeu exposed to the light of the sun. The alchemist 
Kunckel, who relates the incident, tells us with gravity 
how he stole a piece of this substauoe on the occasion of 
a visit he made to Baldwiu one night when that adept 
was trying to make his pho-i^phorus shiue by the light 
absorbed from a candle, and also from its image reflect- 
ed by a concave mirror. In consequence of this thi 
-Kunckel succeeded in discovering what the substai 
was, and made known the method of its preparation. 

The sjHJcial condition under which these preparatii 
shine iu the dark was very quickly detected. Isidt 
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of Seville, speaking of the "liglitning-stoae," says, "Si 
sub divo positiis fuerit fiilgorem raj^it siilereum." That 
condition is previous exposure to light 

The discovery of the elementary substance now known 
AS phosphorus drew the attention of the cultivators of 
natural Sicience to this singular property, and uuder the 
lames of sun-stones, light magnets, iioctihicas, etc., vari- 
ina shining bodies were introduced. But the first truly 
scientific examination of the subject was made by Boyle, 
on the occasion of observing that a certain diamond be- 
longing to Mr. Clayton, and subsequently purchased by 
^Charles II., emitted light in the dark. Though he does 
lOt seem to have been aware of it, the fact itself was not 
;ew, for the alchemist Albertus Magnus says in the thir- 
inth century that he had seen a diamond which glowed 
hen it was put into warm water. A diamond rubbed 
ipon gold becomes beautifully luminous; as Bernoiiilli 
iniarks, it shines like a burning coal excited by the bel- 
lows. 

A diamond rubbed upon gold emitting light! the 
imaginai'y or intrinsic value of the substances employed 
adds to the glory of the phenomenon. A light, too, that 
innot be extinguished l)y water, and yet so ethereal and 
ire that it can set nothing on fire. Here certainly were 
icta of interest enough to excite the philosophers of the 
it century. 

The chief points ascertained by Boyle respecting the 
liamond were that it shone by friction with vanous 
idies, and at the same time displayed electrical devel- 
liopment; that it also glowed when wamied by a caudle, 
the fire, a hot iron, or even when placed on the skin. 
Under the latter circumstances it exhibited no electricity, 
being unable to attract a hair held near to it. He also 
ibuud that it would shine under water, vanous acid or 
jftlkaline liquids, or when covered with saliva, aud that 
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the glow was increased whea the gem was put iuto hot 
water. 

These results led to the conclusion that though under 
certain circumstances the light was accompanied by elec- 
trical development, as when fnetion had been used, thei-e 
was no necessary connection between the two propertieSL 
The gem would shine without the least trace of attract- 
ive power. 

(Among substances endowed with this property, one 
of the best was discovered about a century ago by Can* 
ton. Still known as Canton's jjhosphorus, it is easily 
made by burning oystei'-shells in an open fire until they 
have become white; then, having pulverized them ujth 
about a quarter of their weight of flowers of sulphur, 
they are once more brought to a dull red heat in a cru- 
cible. This completes the preparation. A convenient 
mode of using the substauce is to provide a piece of tin 
plate two or three inches square, brush over one side of 
it with gum or glue water, then dust upon it from a fine 
sieve some of the powdered phosphorus. In this manner 
a uniform white suiface is procured, well adapted for 
experiments. 

If on such a surface a key or other opaque object 
laid, and it then be exposed for a moment to dayligl 
on carrying it into a dark room and removing the key,' 
a spectral shadow will be seen, depicted in black, and its 
contour marked out by the brilliantly glowing phof?- 
phoms surrounding it. After continuing to shine for 
some minutes, the light gradually tades, and finally be- 
comes extinct. If, this having been accomplished, the 
phosphorized plate be put away in a box or drawer 
where not a ray of light can i-each it, and kept therein 
for days or even weeks, on exposing it in a dark rooi 
on a plate of warm metal, the phantom shadow 
emei^e, perhaps even more strongly than at first 
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A wonderful expenment, truly. SbaJows, tbeii, are 
not such fleeting, such fugitive thiugs as poets say. 
Tbey Diay bui-y themselves in stony substances, and be 
made to corae tbrth at our pleasure. 

The persistence of such surface phantoms may be strik- 
ingly illustrated by a simple experiment in which light 

not concerned. If on a cold polished metal, as a new 
razor, an object such as a small coin be laid, and the 
inetal be then breathed upon, and when the moisture 
has had time to disappear, the coin be thrown oftj though 
Dow the most critical Inspectiou of the polished surface 
can discover no trace of any form, if we breathe ouce 
tnore ujkhi it a spectral image of the coin comes plainly 

to view. And this may bo done again and again. 
Kay, more, if the razor be put cai'efully aside where noth- 
can deteriorate its sui-face, and be so kept for many 
months, on breathing agaiu upon it the shadowy form 
emerges.) 

Early in the last century two hypotheses were intro- 
duced for the explanation of the various cases of phos- 
phorescence : 

1. That phosphorescent bodies act like sponges to 
Sght, absorbing it, and retaining it by so feeble a power 
bat verj* trivial causes suffice for its extrication. This 

i the view of Lemery, and was published iu 1709. 

2. That phosphorescence arises from an actual combus- 
aou taking place in the sulphureous parts of the glow- 
ing body, it is to be remembered that sulphur figured 
"irgely in the chemistry of those days. This was the 
Jypothesis of Bu Fay. 

To this celebrated electrician we owe a very able in- 
vestigation of the jiliosphorescence of various bodies, and 
Specially of the diamond. He recognized the fact, over- 
looked by Boyle, that the gem must fii-st be e-xposed to 
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the light ; and then, when takeu into a dark place,' 
shines fur a time, the light gradually fading away. But 
the glow can be re-esta'^lisbed by raisiug the tempera- 
ture, and an exposure of a single second to the sun is 
quite enough to commence the process. 

To recognize feeble degrees of luminosity, it is neces- 
sary for the observer to remain in the dark until the 
pupil of the eye is quite dilated, and the impression of 
light to which the retina has been exposed is worn oft'. 
Du Fay gives a singular but veiy serviceable practical 
process. He recommends the experimenter to keep one 
eye bound up or closed tor the purpose of observing iu 
the dark, and to use the other iu conducting his process- 
es in the light. He remarks the curious fact that the 
eye which has been shut will not have the delicacy of 
its indications affected by that whicli has been exposed 
to the light. 

In this manner Du Fay found that of four hunditnl 
yellow diamonds all were phosphorescent ; but some 
that were white or rose-colored or blue or green were 
not. Nor was there any external indication by which 
it could be told whether any given one of these kinds 
would shine. He discovered, too, that the glow took 
place under various - coloied media, as stained ■ glass, 
water, milk, but not under ink. He also made attempts 
to compel the gem to preserve its light liy enveloping it 
in opaque media, such as ink, black wax, etc., under the 
idea that the light could not get out, and concluded that 
he had partially succeeded, because in some instances the 
diamonds would shine after being so shut up for sis ffl 
twelve bom's. Ue verified Boyle's fact on the efTecta 
hot water and heating generally, and carried his 
peratures to far higher degrees, even above a white hi 
finding that the stone bad lost none of its qualities, for 
it would take light again when it was cold on a momen- 
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ary exposure to the sun. He also Investigated how far 
glow was coniieoted with electrical relations, and 
Aowed its perfect independence. He also greatly iu- 
jreased the list of phospbori, asserting that, so far from 
the quality beitig a peculiarity of the Bolngnian stone, 
Baldwin's compound, the diamond, all solid substances 
:cept the metals, are phosphorescent when nghtly treat- 
id, and even these he believed would eventually be 
found to have the same property. 

There is one point upon which Du Fay dwells that 
Jeserves more than a passing remark — the connection 
between phosphorescence and temperature. He proved 
^at phosphoi'i cannot absorb light so well when they 
! warm as when they are cold, and that a rise of tern- 
[)erature always makes them disengage their light. 

It is obvious that these early investigators labored 
under gi-eat difficulties arising from the imperfect chem- 
ical science of those times. Tliey confounded together 
things that were essentially diHWent, such as the shining 
f urine-phosphorus with the glow of the diamond, and 
this again with the electrical light arising when friction 
lias been employed. Then, again, their erroneous views 
the composition of bodies were constantly leading 
ihem astray. Thus Du Fay, finding that the Bologniau 
«ne (bartnm sulphate) emitted a sulphury smell, and 
thinking that it shone because of the burning of the 
ulphur, transferred the same explanation to the case of 
feilow diamonds, and asserted that they also glowed 
through the combustion of the sulphur that discolored 
them. 

1 do not intend now to give a review of the subse- 

|tient discoveries and hypotheses brought forward by 

ihe numei-ous experimenters of the last century, or by 

Seinricbfthe Becquerels, Biot, Poggendoi-ft", Peai'sall, and 

my others in this. I may, however, recall attention to 
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a veiy elaborate memoir by Osann (Poggendorff's A 
len, 1834, vol. xxxui., p. 405), in whioh he discusses 
various theories of coinhustion, absorption, escital 
etc., and gives many new facts. 

(Respecting the phosphorescence of diamonds, I hi 
recently had an opportunity of making a curious obi 
vation. A lady, a relative of mine, has a pair of 
rings in which are set two largB and beautiful gei 
both of which phosphoresce after exposure to an electi 
al spark; she has also another pair in which both the 
diamonds iu like manner phosphoresce. Judgiug from 
these four instances, one might regard this pmperty aa 
veiy common. Curiously enough, the necklace belong- 
ing to this set, containing thirty-eight stunes of very fine 
water, has only one that will phosphoresce. This neck- 
lace would, therefore, lead us to reverae the conclusion 
to which the ear-rings had led us, and to infer that phi 
phorescing diamonds are comparatively rare.) 

All solid substances, except the metals, possess 
phosphorescent quality. We may, however, by makiiig 
a judicious selection of the bodies which are to serve as 
our means of experiment, disembarrass the inquiry of 
many of its complications. If we employ the Bolognian 
stone (barium sulphate) or Canton's phosphorus (cal- 
cium sulphide), or, indeed, any other substance liable 
to undergo chemical changes in the air, we introduce 
unnecessary phenomena, and cannot distinctly prove 
whether the shining is due to a direct combustion 
the parts or to other causes. 

Among selections that might be made, diamond 
fluor-spar possess qualities rendering them very eligible 
for these puiposes — unchangeabiHty in the air and 
under water. Even between these there is a choice, for 
fluor-spar possesses all the good qualities of diamond. 
It might be said, considering the chemical relatioiishipa 
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(>f diamond, that when it glows it undergoes a kind of 
surface combustion, which is the cause of tlie light ; but 
though direct experiments prove that this ia not the 
eaae, it is much better to resort to fluor-spar, which is 
free from such an objection. It is absolutely incombus- 
tible. Besides, it cau be obtalued peifeetly transjiarent 
or nearly opaque; it occura of many tints of color; can 
he easily cut and polished to any figure, and obtained in 
|iiece3 of any required size. Its phosphorescent powers 
are very high; indeed, it yields, when properly treated, 
ito no other substance, not even to Canton's phosphorus, 
"i that respect, and greatly exceeds the potash sulphate, 
A substance which, however, possesses many eligible 
qualitiea It will therefore be understood that in selec^ 
ing fluor-spar and its varieties as the subjects for experi- 
inent, it has been done with a view of bringing the re- 
salts to their simplest conditions. In such inquiries 
Canton's phosphorus and bodies chemically changeable 
■re wholly inadmissible. 

The S]iecimens of fluor-spar employed by me were de- 
rived from many difi'erent sources, American and Euro- 
pean. The color of the light they emitted was in some 
Cases blue, in some green, in some yellow. Among them 
Was ad American variety of chlorophane of a pale flesh- 
Dolored aspect, translucent on the edges, and excelling 
kll the others in the splendor of its light. It equidled 
ihe best Canton's jihosphorus in power, yielding a superb 
Bmerald green light wlien it received the rays of the sun 
or of an electric spark, or had its temperature raised. 
[The warmth of the hand in a dark place made it shine. 
Considering the facility with which we can regulate the 
Intensity i)f an electric spark, measuring out the quanti- 

I of light used in a given experiment, it is clear that 

Jiere are gre.it advantages in resorting to it in prefer- 

• to the variable rays of the sun. Our choice of a 
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substance sliould be controlled by these conditions, aq 
fluor-spar completely fulfils all tbe indicationa. 

It will be seeu, howevei-, that I have not restrid 
myself to tbe use of tbis body, but whenever other sub- 
stances could be compared with it, have resorted to them 
also. The general principles here set forth as applicable 
to fluor-spar may be likewise extended to them. 



To what cause are we to attribute phosphorescence^ 
What are the changes taking place in the glowiD 
body! 

We have already seen that a century ago two diffarenjl 
answers had been given to these questions. L«Smei 
supposed that all bodies act towards light as they do t 
heat, absorbing it and then giving it out: Du Fay thsj 
all phosphorescences are cases of combustion. 

Before we can reach a decision there are evident^]! 
many preliminary points to be settled. If ohemia 
changes between the glowing body and the air are ( 
posed of, and the action is i-ecognized to be of a purefl 
physical or molecidar kind, it is necessaiy to detennin 
(1) whether there is any expansion or contraction of thi 
shining body during its glow; (2) vvhether there is aofl 
structural change ; (3) whether there is any evolutioi 
of heat along with the light ; or (4) any development e 
electricity. These inquiries will now be taken up i 
succession. 



1. Is there any change of volume in a phoiq)ltoresc 
body during itj* gliyie ? 

I attempted to ascertain this by causing various bodi^ 
to shine brightly when enclosed in glass vessels fillei' 
with water, so that if there were any expansion the 
water might be pressed out into a slender tube, and the 
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nount of dilatation thereby determiaed. The arrauge- 
ent was as fullows : 

A glass tube about two inches long and three quar- 
irs of an inch in diameter was closed at its upper end 
' means of a plate of polished quartz, cemented air- 
ght. Immediately heueath the quartz the phosphores- 
int body was suppoited. Through a cork which closed 
I other end of the tube thi-re ])as8ed a piece of ther- 
ometer tube bent on one side, and to it was affixed a 
ale. The arrangement was supjwrted on a suitable 
nd, so that the quartz was uppermost, and at a little 
istance above it the spark from a IjCyden-jar could be 
!sed between a pair of stout iron wires maintained at 
I iDvanable distance, and thus produced phosphores- 
oce in the body. It may be remarked that these ef- 
i of an electric spark do not take place well through 
^88, and hence a plate of quartz, which readily trans- 
its them, must be used. 

In Fig. 14, a a \s the glass tube, b 6 the plate of pol- 
ished quartz, c the phosphorescent body, 
d d the cork closing the lower end of the 
tube, € e the bent tube,y its scale, g g the 
iron wires connected with a Leyden-jar, 
and giving a spark. The index drop at 
h refers not to this, but to a subsequent 
experiment. 
The large tube containing the phosphor- 
escent body must be filled quite 
=Bgga==Kai^ ^"^' °^ water, free fi-om air, as also 
f must be the thermometer tube to 

iit-i-i. a given mark on its scale. If an 

rtric spark be now passed betiveen the wires to make 
J phosphorus shine, it is clear that if there be any es- 
iDsiou or contraction of its volume, there will be a corre- 
wnding movement in the water of the thermometer tub& 
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On making tlie tinal, and using in succession a crystal 
of violet-colored lluor-spai,a piece of flesh-colored chlorn- 
pliaiie, and a mass of Canton's phosphorus, tlie result in 
all cases was negative; for, though these different suh- 
stances glowed very brilliantly as soon aa the spark 
passed, there was not the smallest movement perceptible 
in the iudex liquid of the thermometer tube. 

With a view of estimating the delicacy of the means 
thus used for determining any change in the volume of 
the spar, the solid content of a piece of chlorophane was 
determined by weighing in water; also the value of each 
division of the scale was ascertained. The value of each 
such division was equal to j^ of the volume of the 
spar, and a movement equal to one tenth of that value 
could have been detected. 

It may therefore be concluded that a pho^horeacent 
body, w/i£ii at itts viaximuiu uf glow, )ias not changed Us 
volume perceptibly. 

The conclusion thus anived at is strengthened by an- 
other mode of experiment. If change of volume be con- 
nected with this evolution of light, it might I'easonably 
be expected that a sudden, severe, but equable compres- 
sion, exerted on a piece of spar, the light of winch is jtist 
fading out, would compel it to regain a portion of its 
brilliancy. A piece of chloropliane in that condition was 
placed in water contained in the apparatus known as 
Oersted's instrument for measuring the compressibility 
of water, and which is described in most of the treatises 
on physics; but though, by suitably turning the screw, 
pressures varying from one to four atmospheres were 
suddenly put on the spar and as suddenly removed, no 
change whatever was seen in the glowing mas^, the light 
of which continued steadily to die away. 

In Fig. 15, Oei-sted'a instrument for proving the com- 
pressibility of water, a a is the glass cylinder filled with 
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ater, b the pressure screw, c the phospliores- 
lit 8pav or substance. 

These experiments have a beanng on L^- 
nery's theory. A mass of h'on suddenly coin- 
grows hot; 8o, too, does atmospheric 
It would, therefore, not be uureasouable 
to expect that if a phosphorus acted like a 
ipoDge to light, and were thus pressed upon, 
woukl yield up its light. But conceptions 
leriveil from the old theories of sjieciflc heat ' ^ 
»re perhaps scarcely applicable here. 

When uuetiual pressure is applied, the result is differ- 

Bit. A piece of chlorophaiie pressed by a forceps glows 

Brightly ; if crashed, the fragments sparkle like little 

fire-works as they fly through the air. If the spar be 

previously powdered, a shining is still produced, and 

iphen the pulverization is conducted in an agate mortar 

the dark, bright eddies of light follow the track of 

I pestle. In these cases, however, the separation of 

I lamin* of the ci-ystal and the heat produced by 

■iction probably determine the result. Canton's phos- 

ihonia did not shine when compressed or submitted to 

Iction. 

I 2. Does any structural clmiige accompany the phos- 
^rescejice of bodies ? 

The foregoing experiments appearing to prove that 
F there be any expansion of a phosphorescing body, it 
very small amount, I next endeavored to de- 
ermine whether there is any molecular change, or new 
tnictural arrangement, which can be detected by polar- 
2ed light. 

A flat piece of fluor-spar, polished on both sides, was 
jiaced in a poluriscope, and a pair of blunt iron wires 
jcted with a I*eyden-jar were adjusted near the 
K 
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front of it, so that when the spark passed, a brilliaDt 
glow afoae id the epar, which was at once viewed 
through the analyzer of the instrument. But though 
the experiments were made both by daylight and lamp- 
light, iio kind of effect couUl be detected. Had any 
molecular change occurred, it could not have escaped 
notice. 

lu Fig. 16, a h is the polariseope, e the flat piece 
fluor-spar, b the analyzer, d 
the wires giving the electric 
spark. 

These experiments were fii 
made by using as the analy: 
a doubly refracting achrontal 
prism ; they were, however, 
peated with a Nicol, in whii 
the eye is not disturbed by 
"" bright image as in the otl 

case. Having fixed the plate of polished fluor in tJ 
polariscope, it was readily perceived that it posses 
naturally a structural airangeraent, for there were cloui 
spaces or lines in it which contrasted with the fai 
white light passing in the adjacent parts. It was a1 
seen that this structural arrangement could be deranj 
in a transient manner, either by pressure or an uneqi 
warming, as is well known of other bodies; but when 
powerful electric dischaige was passed near the spi 
and a lirilliant phosphorescence took place, no impi 
sion could be detected. Even when the iron wires ri 
ed on the spar, and the explosion passed over its surfs 
nothing was perceptible except along the line betw( 
the ends of the wires, where the surface was rougheni 
or abraded by the force of the dischaige. 

But though these experiments with polarized light 
give a negative result, or, at all events, prove that a 
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hosphorus wben shining lias its molecular condition ao 
ttle disturbed tlmt the change cannot be detected in 
his way, there can be no doubt that if the meaua of 
jsting were more delicate, such a cliange would be dis- 
overed, for many years ago Mr. Pearsall found that 
ipecimens of fluor, not possessing phosphorescence natu- 
relly, might have that quality communicated to them by 
repeated exposure to many poweifnl electric discharges, 
which also gave rise to a change in their natural color. 
Kow there can be no doubt that auch an alteration of 
tint implies an alteration of structure. 

Besides the test by polarized light, there is another 
which may be resorted to for the detection of structural 
changes when they are merely superficial ; it is the 
anode in which various vapore will condense. I de- 
scribed several such cases in the Phihmophical Magazine 
i>r September, 1840, some time previously to the pub- 
ications on the subject that were made by M. Moser. 
They were brought forward at that time as an illustra- 
lion of the manner in H^hich mercurial vapors condense 
1 a daguerreotype plate and develop images which it 
i» received, Proceeding on this principle, a large plate 
* fluor-spar, the surface of which was finely polished, 
fas made to phosphoresce brightly along a given line 
leterniined by the ends of two iron wires, which served 
discharger for a Leyden spark, and were placed 
lear to the polished suiface. The spar was forthwith 
nspended in the mercurial box of a daguerreotype ap- 
lai-atils and kept there an hour. The mercury condensed 
lon it faintly in the manner it would have done on a 
kguerreotype plate, especially on and in the vicinity 
ef those parts that were more immediately exposed to 
the spark. This, therefore, seems to prove that there is 
D these cases a molecular modification of the shining 
niface. 



148 J^"!^ I'HOSPHOHESCENCE OF BODIES. [Memoih VIg 

3. When a pho^horescent body glows, does U like-: 
emit heatf 

A very thin liulb, half an inch in diameter, was bh 
on a piece of thermometer tube, and after being washei 
over with gum-water, finely powdered chlorophane was 
dusted on uutil it was neatly coated all over. A d; 
of water was then introduced into the tnbe to serve 
an index. Although the instniraent was very sensitil 
to heat, when the chloropliane was made to shine ai 
emit a gorgeous emerald green light by the passage 
& powerful electric spark near it, no movement whatevj 
of the index ensued. From this it would appear that 
the quantity of heat developed by phosphorescence must 
be very small. 

In Fig. 17, a a is the glass bulb covered with a 
a ing of po\vdered ehloniphaui 

h a drop of water serving as 

index. 

A modification of this ex] 
iment, which ap[)eared to offer 
several advantages, was tried. The instrument repi 
sented in Fig. 14 was emptied of its water, and a singli 
drop, A, put into the index tube. It was supposed 
when the rays of the electric spark passed through 
quartz and made the phosphorus shine, the air containi 
in the tube, warmed thereby, would expand, and a mo" 
ment in the index liquid of the thermometer tube 
place. But in several trials, in which different bod 
chlorophane, Canton's phosphorus, etc. — were employed, 
the results were uniformly negative; for though theef 
different substances glowed splendidly as soon as 
spark passed, there waa not the slightest rise of 
perature perceptible. 

A further attempt was made as follows: The disk 
quartz being removed and replaced by a cork, throi 
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3 serve a 
air-tight, and descended to within i 



diachnrgei- passed 
I short distance of the 
phosphorus, sufficient time was allowed ia various rupeti- 
tioDS for the index liquid to come to rest. It was hoped 
^lat this form of experiment would have advantages over 
tBe preceding, because the discharging wires could be 
brought nearer to the phosphorus, and the eftect take 
place without the interveutiou of the quartz. When 
lie spark was made to pass, there was a great move- 
Bient in the index tube, as in the instrument known as 
iCinnei'sleyV electrometer, but the liquid immediately re- 
tnrned to within a short distance of its first place; then 
'■% slow dilatation occurred, as though the air was gradu- 
ally warming. Thus in one experiment the liquid stood 
It 24°, after the explosion it returned to 26°, and then 
iere was a gradual dilatation to 32°. 

To eliminate the vanous disturbing causes in this ex- 
periment, it Mils repeated many times, the spar being al- 
ternately introduced into the glass tube, and alternate- 
ly remo%'ed. It was found that whenever the spar was 
present the gradual dilatation alluded to took place; 
Irat when the spar was not in the tube, instead of a 
dilatation, there was a gradual contraction until the in- 
8ex liquid i-ecovered its original position. 
" From this it appears that with the evohUion of light 
l^ere w a feeble ejcirication of heat 

The quantities of heat thus liberated are so small, and 
ie causes of error are so numerous, that I endeavored 
by other methods to obtain more trustworthy results. 
IThus I attempted to determine the suiiace temperature 

f a flat piece of chlorophane while phosphorescing by 
means of the thermo-electric multiplier. The thermo- 
pile was placed in a vertical position, and the spai- 
baving been attached to a piece of wood, which served 

I a handle, intent^e phosphorescence was communicated 
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by a Leyden spark, and the flat and eliiiiiug suri 
instantly put ou the upper face of the pile. But t 
was ao iDoveuieut of the astatic needles. 

Then, taking the stone by its handle, it was touchw 
with the tip of the finger for one second, and quicklv 
placed on the pile. A prompt movement of the needlw 
amounting to four degrees, ensued. These experimai 
were repeatedly tried, and the results were unifon 
the same. 
In Fig. 18, a a is the thermo-electric pile, b h ' 
P plate of chlorophane,c % 

handle. 

Ou considering thes 
suits, it ajipears that as ti 
temperature of the air near 
tlie multiplier in one of 
the experiments was OvS', 
and the estimated tenipep 
ature of the skin ii4°, the 
amount of heat which the 
stone received fi'ora the 
touch of the finger must 
have been very small. I 
made a comparative trial 
"*'"^ by touching the bulb of a 

thermometer for the same space of time, in the same 
way, and found that there was a rise of about If. But 
the conductil»ility of quicksilver is much greater than 
that of ehlorophane. 

It is to be inferi'ed, therefore, that the quantity of 
heat set fi'ee during phosphorescence is very small, 
and that the surface of the ehlorophane does not 
change its tempeiature by one fourth of a degl 
for had it done so, the multiplier would have ins! 
ly detected it. 
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•i. Is phoitphorescence accompanied with a development 
f electi-iciiy ? 

It has been stated already that the experimenters of 
be last century paid a good deal of attention to this 
oint. Du Fay established the fact that though in many 

tes of phosphorescence there is a development of elec- 
ricity, there are many others in which the light seems 
be wholly unattended by any disturbance of that 
jnd. 

I have repeated some of these experiments, and with 
he same result, proper care being taken to avoid fric- 
ion and other obvious causes of electrical excitement. 
rhus a flat piece of chluruphane, phosphorescing power- 
illy, was put on the cap of a very delicate gold-leaf 
ilecti-oscope, but no disturbance whatever was percep- 
ibla 

A large crystal of fluor-spar was made to phosphoresce 
rilUantiy along a line about half an inch in length by 
assing the spark of a Leyden-jai- between two blunt 
on wires, the ends of which were that distance apart, 
md resting on the face of the crystal. Over this line of 
Ine light, which was pretty sharply marked, and which 
isted for several minutes, a fine hair was held. This 
rould have been readily attracted and repelled by the 
teblest excitation of sealing-wax, but in this case it 
wholly failed to yield any indication whatsoever. 

In connection with the foregoing experiments, I may 
lention some miscellaneous facts. Some attempts were 
iad» to determine whether phosphorescent bodies in 
)e field of a powerful electro-magnet would exhibit any 
lange of property. Six Grove's pairs were caused to 
lagnetize a good electro-magnet; the power they could 
e to it would enable the keeper to support about 
If a ton. Between its polar pieces chlorophane, Can- 
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tou's phosphorus, etc., which were made to glow by 
posure to a Leyden spark, were placed. But it made no 
ilitFerence id the light whether the magnetism waa on 
or not. 

It was also found that the electric spark from a con- 
tact-breaker would communicate phosphorescence to all 
the various bodies in use in these experiments, and that 
up to a certain point the intensity of the light increased 
with the number of sparks receiveth 

Phosphorescence is not communicable from ona 
to another. Having provided two polished plates 
fluor-spar, one of them was made to glow by an eli 
spark, and the other was immediately put upon 
communication of phosphorescence took place; the 
ond piece remained jieifectly dark. 

Some authors state that fluor-spar does not become 
phos|)horescent by exposure to the sun ; but this re- 
mark does not apply to all varieties of it. Thus some 
chlorophane, which had been ignited in a glass tube till 
it had ceased to shine, was pulverized and again igni^ 
ed in a platinum crucible. It emitted an emerald light. 
A slip of wood was now put on it to screen a part of 
its surface, and it was exposed to the sun for a few 
minutes. On ignition, it shone again finely, with a green 
light, the shadow of the wood being beautifully depict- 
ed. The same having been repeated a great many 
times, it appeared that the phosphorescence at last be- 
gan to decrease, perhaps by frequent ignition causing' 
change. 

A screen of yellow glass intervening between the 
and some powdered chlorophane prevented phosphoi 
cence, but it took place through a plate of polished flui 
spar. When the light of an electric spark waa used 
stead of the sunshine in this experiment, the fluor-S] 
prevented phosphorescence. 
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General CoNCLrsioNs. 

The results to wbicli tbe foregoing experiments bring 
to are therefore — 

1st. Thut tlie methods employed in these e.\periment3 
re iiot sufficiently Ueliuate to detect any increase in tbe 
dimensions of a phosphorus while it is ia a glowing state. 

2d. No structural change can be discovered by resort- 
ing to polarized light; but there is reason to believe 
from the change of color which certain bodies e.\hibit 
when the quality of shining is comuninicated to them, 
and from the manner in which vapors condense on their 
jiurfaees, that such has actually taken place. 

3d. That phosphorescence is attended with a minute 
pee of temperature. 

4th. That it is not necessarily connected with any elec- 
!bical disturbance. 

On comparing these conclusions, it is obvious that if 
,Jiie third be correct there must necessarily be a change 
*f \'olurae, and that the reason the dilatation is not dis- 
covered by direct experiment is owing to the insufficiency 
of the means employed. 

The general definition given of phosphorescence is that 
t 18 the extrication of light without heat (Gmelin). 
Bat these results show that that definition is essentially 
incorrect; for if the experiment.be made with due care, 
t rise of temperature can be detected, though its absolute 
mount may be very small. 

I>eteJTnmation of ike ahsoltite qimntity of liijht emitted 



And now we may inquire how it is with the light it- 

(If I do we not deceive ourselves respecting it I We 

ught to recollect that it is barely perceptible in the 

x\ day, and that these experiments i-equii-e to be made 
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in the dark. We should also i-ecollect the great f 
tiveuess of tbe eye, and Low feeble a luminuus impn 
sion it cau detect. Impressed with tbese facts, I L* 
endeavored to compare the alisolute quantity of Iigfil 
given by the most brilliant jihoeption with some well- 
known standards. Tlie result of these experiments puts 
a new view on the whole sulyect. 

The first attempts I made tor this purpose were con- 
ducted on the pnneiple of conipanng the stains formed 
on & daguerreotype plate by the phosphorus under tnal, 
and by an oil-lamp, receiving the rays from each on a 
concave metallic mirror eight inches in diameter and 
fifteeu in focus, aiTanged as a reflectiug camera obseurn. 
There were set, side by side, a small oil-lamp, a piece of 
white paper illuminated by the lamp, and a fragment of 
chlorophaue, arranging things in such a manner that the 
chlorophane might be illuminated by rays coming from 
a contact-breaker worked by two Grove's pairs. Tlit; 
contact-breaker was kept in action fifteen miuutes, and 
then, to prove the sensitiveness of the plate, the lamp 
was moved for one minute to a new position, and the 
experiment closed. 

On developing, it was found that the impressions of 
the lamp had solarized, both that of fifteeu miuutes and 
that of one, proving that such a light m oue minute is 
amply sufficient to change the plate to its maximum. 
Also the electric spark of the contact-breaker was solai"- 
ized, and the image of the piece of white paper beauti- 
fully given of a clear white; but the phosphorescing 
spar had made no impression, except fiom one portion 
where it had reflected the rays of the spark. 

Suspecting that the spark from the contact- breato 
might not have been powerful enough, I repeated i " 
experiment, using sparks froni a Leyden-jar. The < 
lamp was exposed in front of the mirror one minute, a 
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*hea renioi-ed ; then ten strong sparks were passed over 
the spar, eavh of wbieh umde it emit au emerald light; 
hut during the moment of the passage of each spai'k a 
eci'een waa interposed, that no direct or reflected light, 
i«id, indeed, nuue but that of the phosphorus, could reach 
*he mirror and sensitive plate. 

■ On mercuiializiug, it was found as before that tlie 
Sstiip was beautifully dei>icted but the spar was invisible. 
lu Fig. 19, (I is the oil-lamp, i the white paper, c the 
illilorophane, cut and polished, d the contact-breaker 
with its wires,// the concave mirror. Ita concavity 
fiices the above-named objects, and reflects their images 
inverted and reversed on a sensitive plate, e. The mir- 
and sensitive plate are enclosed in a darkened box 
Sot shown in the figure. 




Estimated, therefore, by the chemical effects they can 

"pl-oduce, the light from chlorophane is incomjjarably less 

intense than that from a common lamp. For there can 

i no doubt that each of the ten Leyden sparks gave a 

light which made the spar phosphoresce brilliantly for six 

»nds, and the whole phosphorescence was equal in du- 

btion to that produced by the light of the Iaui]i; yet the 

ktter had changed the plate to a ma.\iinum, while the 

M'Dier had not made the smallest perceptible imjiression. 

As the foregoing attempt to obtain photographic ef- 
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fects had failed, I varied the esperiraent as follows: 
Bohemiiin glass tube a quantity of chlorophaiie in coai-se 
fiagmeiits, suflBcient to occupy about three inches iu 
length of the tube, was placed. The reflecting camera 
with its sensitive silver plate was set in a proper po- 
sition. AVhen everything was arranged, a splrit-lamo 
was applied to the chlorophane, which soon emitted i 
superb emerald light, and continued to do so for abi 
two minutes. As the light began to decline, the spi 
splintered by decrepitation. Tlie process went on in i 
very satisfactory \\'ay. An oil-lamp was then placed irf 
front of the camera for five second.'^. On developing, the 
image of the lamp-flame came out, but no trace whatever 
of the chlorophaue could be detected. Thus it appears 
that tlie splendid greeu light emitted when the spar i 
heated is at least twenty-four times less intense than tin 
light emitted by a small oil flame. It should be remem 
bered that this is a measure of absolute intensity, and 
not of illuminating power 

But as it is known that green light is not very i 
ficient in changing a sensitive surface, I tried to dete 
mine the intensity of the light emitted by chlorophal 
by the optical method of Bouguer, described in the fin 
of these Memoii-s, p, 39. 

The spar being heated by a current of hot air arisinj 
from the fiame of a spirit-lamp, the light of which wal 
carefully screened by a chimney and other contrivancei 
of sheet-iron, a comparisou was made witli a very small 
oil-lamp, the flame of which was about six tenths of an 
inch high and the wick one sixth of an inch thick. It_ 
was covered with a glass shade. 

The spar, when it began to glow, cast a reddish sbiu 
ow on the paper, which shadow was extinguished whe( 
at its maximum by the lamp at about 25 inches, t^ 
spar being at 5 inches. 
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The distances of the chlorojilinne and lump from the 
paper were, therefore, as 1 : 5. The ilUirniunting effect is 
^B the s<|uare9 of those numbers, and therefore 1 : 25. 
But for extinction it requires that one light should be 
sixty times as intense as the other; it follows, therefore, 
tb&t at those distances the illuminating power of the 
lamp is fifteen hundred times as intense as the illumi- 
aating eft'ect of the spar. 

But the quantity of spar used in this experiment ex- 
posed a surface much greater than that of the flame; it 
was estimated to be at least twice as great. This, thei-e- 
fore, would bring us to the couelusion that the intiiusic 
brilliancy of the chlorophaue is not -^^ part that of 
the lamp. 

Tins experiment was several times repeated. Thus it 
was found that the lamp extinguished the shadow from 
^e spar when the relative distances were 1 : 4. The 
lamp at 4 was therefore sixty times as luminous as the 
8par at 1 ; that is, their illuminating power was as 1 ; 960. 
But it was estimated that the surface of the spar was 3^ 
times that of the flame of the lamp, so this would make 
Ue intiiusic brilliancy jjVijt " result of the same oixler 
4M the preceding. 

From this we conclude that th^ intrinsic brillianq/ of 
^^Kogphori w very small ; a fine specivien of ckhraphayie, 
St its maximum of brightness, yielding a light tJiree tliou- 
tand times less intense thin M« flame of a very small oil- 

lamp. 

It was stated above that these photometiic experi- 
BoeDts put a new view on the whole subject; iu fact, 
Ihey explain all the difficulties of the foregoing inquiries. 
How could we expect to be able to measure the heat of 

Khosphorescence i The radiant beat of the little oil- 
irap here employed would recpiire at such distances a 
Pery delicate thermometer to measure it. Is it likely, 
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then, that we could detect that of a source three thou- 
sand times less intense ? 

I conclude, therefore, that all phosphoric bodies emit 
radiant heat as well as light ; but that its quantity is so 
small that we have no means delicate enough to measure 
it, though the eye is so sensitive that it can detect the 
light, the absolute intensity of which has, however, hith- 
erto been greatly overrated. I believe that the quanti- 
ties of both are of the same order, and if this be tnie we 
should scarcely expect to discover any dilatation of the 
glowing body unless means much more refined than 
those here resorted to are employed. 
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MEMOIR IX. 

■ THE EFFECTS OF HEAT ON PHOSPnORESCENCE. 

From the Pbilosophical Magazine, Feb., 1851. 

IBTtiiTs: — Experiment of Alberlug Maipms. — Degree of pkotphoret- 
emet at different temperatures. — Tht qiianttti/ o/Uffht a siibstatiee ean 
retain iw invrrtrly at it» temperature ; the quantilij it ean receive it di- 
rtel/ff at tlit intensity and quantity of light to tcAfcA it Hag been ex- 
poied, — Phofp/toreeeent images of the moon. — Action of ether waves. — 
Effects of cohesion. — Reason that gases, liquids, and metals are nan- 
phonphoreseen t. 

It has beea already observed that the effect of heat 
I promoting the disengagement of light ia an old dis- 
covery. Albertiis Magnus remarked it in the case of 
A diamond plunged into hot water. 

It is customary in later works which treat systemat- 
ically on phosphorescence to group the diffei'eiit facts 
inder two heads — Ist, pho-sphorescence produced by in- 
flation ; 2d, by beat. An example of this is offered in 
le standard work on chemistry by Gmelin. 

A division of this kind brings the whole subject into 
infusion. It assigns different causes for things that are 
isentially allied. It leads to the inference that as un- 
jr certain circumstances the sunlight or an electric 

irk can make bodies glow, go under other ciivumstan- 
!8 beat will produce the same effect, and this wholly 
idependent of incandescence. 

But what are the facts? If a yellow diamond placed 
ipon ice be submitted to the sun, and then brought into 
dark room the temperature of which is 60°, for a time 
is a glow, but presently the light dies out If the 
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diamond be now put into water at 100", it shines agaili^H 
and again its light dies away. If next it be removedS 
from that water and suffered to cool, and then be r»J 
immersed, it will not shine agniu; but if the water bfl 
heated to 200°, and the diamond be dropped into i^| 
again it glows, and again its light dies away. U 

There is, therefore, a correspftndenee between the Iigfan 
disengaged and the temperature. We are not to con<J 
elude from the foregoing illustration that when the di^H 
mond has its temperature raised fi-om 100° to 200° djH 
light is due to the heat. On the contrary, the light ^M 
unquestionably due to the primitive exposure to tlla 
sun; just as in Leraery's illustration of the sponge, if w«J 
exert a little pressure a portion of the water flows out^ 
if a stronger pressure, still moi'e ; and for each degree ofifl 
pressure there will be a corresponding quantity of wateM 
expelled. 'M 

The connection between phosphorescence and tempePrS 
ature may be instructively illustrated as follows: I 

Suppose that three yellow diamonds, a, h, c, have beeaj 
simultaneously exposed to the sun, a being kept at 33^J 
b at 60°, c at 100°, and that they are then simultaneouslvfl 
removed to a bath of water at 100° in a dark room; id 
will be found that a emits a bright light, h shines monn 
feebly, and c scarcely at all. This is what ought to be ' 
expected fi-om the principle laid down above; for if at a 
particular temperature a certain quantity of light is set 
free, it is clear that a has the advantage of h, so that i 
will disengage all the light to be set free between Z^ 
and 60°. 

From such experiments and considerations it is to 1 
inferred that there is an intimate connection betw« 
temperature and phosphorescence which may be convei 
iently expressed in the following tei'ms. The quantity <i 
light a substance can retain is inversely as its temperahi 
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This pnnciple furnishes the explanation of a multitude 
of tacts. Thus Du Fay discovered that the Bolognian 
stoue shines brightei" when exposed to the sky than to 
the sun. In the hitter case the temperature rises, and 
the quantity of light retained is less. Under violet 
and other glasses, stained with such colors as impede 
the warming effect, phosphorescence is even moie vivid 
than when iio glass has intervened. On the same pnn- 
ciple we have an explanation of Du Fay's apparently 
successful attempt to prevent the escape of light from 
diamonds l:iy putting them in ink or coveiing them with 
black wax. Wlien removed from the ink and brought 
into the air, they became somewhat wanner — perhaps 
the touch of the finger aided the effect — and a corre- 
sponding quantity of light was set free. 

But though tenipei-ature is a controlling, it is not the 
only condition involved. If it were, phosphorescence 
aft«r insolation should occur only after a rise of tempera- 
ture. The fundamental fact of the whole inquiry proves 
that a glowing body can retain more light in presence 
of a lucid surface than it can in the dark. 

Is not this fact analogous to what we meet with in 
the exchanges of heat? A substance can retain more 
heat m presence of a hot body than a cold one. The 
brilliancy and quantity of light to which a phosphorus 
ia exposed goes very far to determine the intensity of 
the 8ubaei]uent glow. Thus I found that a piece of 
chlorophane exposed to one spark of a contact-breaker 
abone feebly, but if it had received one hundred sparks, 
its light was very vivid; and it h.13 long been known 
that iu delicate phosphori a certain degree of luminosity 
can be communicated by the moonbeams, a more intense 
one l»y lamp-light, and one still more brilliant by the 
snnshine or a Leyden spark. This, therefore, leads to 
tbe conclusion that the quantity of light a pJiosphorus 
L 
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can i-eceive is directly as t}i£ intensity and quantity 
ligJd to which it has been exjMsed 

(With respect to the light of the moon, I hare si 
ceeded in obtaining an image of that satellite on Cantoi 
phosphorus, by the aid of a concave metallic mirror.) 

The various facts herein cited indicate that when 
ray of light falls oa a surface, it throws the pai'ticl 
thereof into vibration. An examination of the action 
the differently colored rays dispei-sed by a prism sho' 
that in general the greater the frequency of vibration 
of the impinging ray, the more biilliant is the phosphor- 
escence. But in such a prismatic examination we have. 
constantly to bear in mind the disturVjing agencies whiehl 
are present, and especially the antagonizing effects of:! 
heat ; that this determines the amount of light that m\ 
phosphoras can receive, and also the rate of its subi 
quent extrication. In Memoir V., p. 87, 1 have shown 
how the photographic action of light betrays the general 
pnnciple of an interference of vibratoiy movements, and 
the production of antagonizing results in different patis 
of the solar spectrum. An argument is there biwight 
forward to the effect that as the violet end produces 
phosphorescence and the red extinguishes it, this is 
proof of opposition of action. In explaining this fi 
M. E, Beeqiierel supposes the darkening power of 
red rays to be due to the more rapid disengagement 
the phosphorescence by reason of the heat produced 
those rays, and the apparent antagonization is not at- 
tributable to the supposition of vibratory movements of 
light rays of different frequency, but to the relations o^ 
caloric and light. The force of this explanation, hoi 
ever, disappears when it is understood that light 
heat, the chemical and phosphorogenic rays, are, aceoi 
ing to the principles of the able experimenter, all raai 
festations of the same agent. It avaUs us nothing to 
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that a Wflnt of phosphorescence at the less refrangible end 
of the spectiuui is due to the heat-giving po^Ye^8 of those 
rays, when that very heat-giving power is tinder the hy- 
pothesis depeudent on their comparative rapidity of vi- 
bration. 

We may, therefore, in the explanation of phosphor- 
escence, abandon expressions derived fi-om the material 
theory of light, and assume that whenever a radiation 
falls upon any suiface, it throws the particles thereof 
into a state of vibration, just as in the experiment of 
Fi-acaster, in which a stretched string is made to vibrate 
in sympathy with a distant sound, and yield hai'monics, 
and form nodes. Snch a view includes at once the facts 
of the radiation of heat and the theory of calorific ex- 
changes; it also offers an explanation of the connection 
of the atomic weights of bodies and their specific heats. 
It suggests that all cases of decomposition of compound 
molecules under the influence of a radiation are owing 
to a want of consentaneousness in the vibrations of the 
impinging ray and those of the molecular group, which, 
nnable to maintain itself, is bmken down under the pe- 
riodic impulses it is receiving into other groups, which 
can vibrate along with the ray. 

If a hot Vtody, rt, be placed in presence of a cold body, 
b, the theoiy of the exchanges of heat teaches that the 
temperature of the latter will steadily rise until etjui- 
librium bet^veen the two takes place. The molecules of 
a communicate their vibratory movement to the ether, 
find this in its turn imparts an analogous movement to 
the molecules of h. For, as the ethereal medium is of 
vastly less density than the vibrating molecules, each of 
these oscillations will produce in it a determinate wave, 
which is jiroptigated through it according to the ordi- 
nary laws of undulations, in such a way that the ether 
would be in repose after the wave had passed, were it 
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uot for the reciiiTeiice of the continuing vilu-ation of tl 
molecules. At each vibratioii the molecules of a lose a 
part of their I'w m'fl, by the quantity they have com- 
municated to the ethereal wave, the intensity or ampli- 
tude of the wave becoming less and less as this abstrac- 
tion of force is going on. But the ether being of unifon 
density and elasticity throughout, each of its partic] 
communicates the whole vu viva it has received, to 
nest adjacent, and would instantly come to rest were. 
not again disturbed by the vibrations of the matei 
moleculea These elementary considerations show hi 
it is that a wave of sound passes through the air, or 
light through the ether, and the particles of those mi 
come instantly to rest; but a hot body or a vibratii 
string pei-sists in its motions, which ouly undergo a gr 
ual decline. If the vibrating molecule were in a nied' 
of the same density, it would impart to it all its motioi 
at once, and in the same way that a heavy molecule grad- 
ually communicates its motion to the ether, so in its turn 
does the ether to other systems of molecules. 

Upon these principles we may explain the phenomi 
of phosphorescence. From a shining body undulatit 
are propagated in the ether, and these, impinging on a 
phosphorescent surface, throw its molecules into 
bratory movement. These in their turn impress on tl 
ether undulations; but by reason of the dirterence of 
density compared with that of the molecules, they 
not lose their motion at once; it continues for a til 
gradually declining away and ceasing when the vis 
of the molecules is exhausted. 

When a phosphorescent surface is exposed to the lu^ 
minous source, it necessarily undergoes a rise of temper- 
ature, and the cohesion of its parts is diminished; 
after its removal from that source, as the tempen 
declines and radiation goes on, the cohesion inci 
and a restraint is put on those motions. 
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Now let the pliosptonis have its temperature raisetl, 
and tbe cohesion of its molecules be thereby weakened, 
and the restraint on their motions abated. At once they 
Iresume their oscillations, and continue them to an extent 
[that belongs to the temperature used. When this has 
passed away, a still higher temperature will release them 
|ouce more, and the glowing will again be resumed. 

What would be the result it' we could cause the sur- 

Eace of a mass of water on which circular waves are rising 

i^nd falling to be instantaneously congealed? It might 

i kept in that condition for a thousand years, and then, 

" if instantaneously thawed, the waves would resume their 

ancient motion from the point at which it was arrested. 

»and it would now go on to its completion. 
So with these phosphon. Exposed to light of a Buit- 
nble intensity, their parts begin to vibrate ; but the free- 
dom of those motions is interfered with by their cohe- 
sion. Amplitude of vibration must always be affected 
by cohesion, and if the ray be removed and the tem- 
perature be permitted to decline, the restraint becomes 
greater and gieater, and they pass into a condition some- 
what like that which has just been illustrnted. It mat- 
K tere not how long a time may intervene, rise of tempera- 
H ture will enable them to resume their motions. 
H These piinciples give an explanation of all the facts 
H we observe. We see how it is that ns we advance from 
^1 one temperature to another the phosphorus will resuiue 
H its glow, and that there is, as it were, for every degree 
H a certain amount of vibratory movement that can be ac- 
^t oomplished, or, to u.se a difterent phrase, a certain amount 
^^ of light that can be set free. It also necessarily follows 
^B that different solids will display these motions with dif- 
^■.ferent degi-ees of facility, and hence shine for a longer or 
^•.shorter time, and with lights of different intensities. 
^L Bat in liquids and gases, which want that particular 
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condition of cohesion cLflracteristic of the solid state, ani 
the parts of which move freely among each other, pb( 
phorescence cannot take place, for it depends on the 
fiuence that cohesion has had in restraining the vibi 
tory movements. 

Further, the condition of opacity does not permit phi 
pborescence to be established. The exciting ray cannot 
fiiid access to disturb the interior layers of the mass, and 
even if it did, and phosphorescence ensued, how couh 
we expect to be able to discover it through the impel 
ons veil of the superficial layera! The light of the mi 
brilliant phosphorus cannot be seen through the thil 
nest gold-leaf. Its intensity is vastly too small. Thi 
are the leasons that no one has ever yet succeeded 
detecting phosphorescence in metals and black bodies. 

It will be gathered from this explanatiou that I ai 
led to believe that all the facts of phosphorescence 
1)6 fully explained on the principles of the coimnunii 
tion of vibratory motion through the ether; tliat as upi 
that theory an incandescent body maintained at incan- 
descence would eventually compel a cold body in its 
presence to come up to its own temperature by making 
its particles execute movements like those of its own, 
the sunshine or the flash of an electric spai'k compels 
vibratory movement in the bodies on which its rays fell 
that these vibrations are interfered with by cohesion in 
the case of solids, but that they are instantly established 
and almost as instantly cease in the case of liquids and 
gases; that reducing the cohesion of a solid by raising 
its temperature permits a resumption of the movement 
and that the condition of opacity, whether metallic 
otherwise, is a bar to the whole phenomenon. 
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MEMOIR X. 

ON THE DECOMPOSmON OF CAEBONIC-ACID GAS BY 
PLANTS IN THE PRISMATIC SPECTKUM. 

Vom the Proceedings of the ATnericnn Philosophiciil Societj, Mnf, IStR; Fliit- 
oicfhiml Mignxine, SepL, IS4.1; Ameriiuin Jaurnnl of Science and Aru, Vol. 
SXVr., ia*3; Pliilosophicikl Magaxine, Sept.. 18**. 

JosTKSTs: — Tht dffompontion of cnrbonie add by Itijht fomurhj at- 
Irilmled la the ffiolel ray. — /( can he tueee»»ftUy aeeomplUhed in the 
pritritatie upeelram, — It lata pltue not tn the violet but in the yellow 
rag, — JtecompnialioH by yellow ahwrbent medit. — Aaalytit af the giu 
evolveti ; it always eontaim nitrogen. — Decumpotitioa of alkaline ear- 
bonatet and biearbonate», — Anaiytie of the gat evolved in different rayt. 

For many years St has been known tliat the greeu 
jWrts of plants, under the influence of sunlight, possess 
ibe power of decomposing carbonic acid, and setting 
ree its oxygen. It is remarkable that this, which is a 
mndaraental fact in vegetable physiology, should not 
have been investigated in an accurate manner. The 
Statements met with in the books are often far from 
King cori'ect. It is sometimes said tliat pure oxygen 
( is evolved, that the decomposition is brought about 
r the so-called " chemical rays;" these and a multitude 
f such errors pass current. So far as my reading goes, 
10 one has yet attempted an examination of the phe- 
loraena by the aid of the prism, the only way in which 
t can be correctly discussed. 

In a paper by Dr. Daubeny, inserted in the PJiUosoph- 

'cal Transactio7i8 for 1836, two facts, which I shall verify 

I this communication, are fully established. These are, 

, the occurrence of nitrogen gas in mixture with the 



I 



2gg THE DECOMPOSITION OF CABBOKIC-ACUl 0A&. [Mzaont X. 

oxygen, an observation originally due to Saussure, or 
some eai'liei" wfiter; anil, 2d, tliat the act of decompo- 
sition is due to the light of tlie sun. Tliia latter ef- 
fect, obtained by employing colored glasses or absorb- 
ent media, has not been generally i-eceived. Doubt will 
always hang about results obtained in that way, and 
nothing but an examination by the prism can be satis- 
factory. 

In its connection with organic chemistry and physi- 
ology the exjiefimeut of the decomposition of carlionic 
acid by leaves assumes e.\traordinary interest. When 
we remember that this decomposition is the starting- 
|K)iut for oi^anization out of dead matter, that com- 
mencing with this action of the leaf the seines of or- 
ganized atoms goes forward in increasing complexity, 
and blood and flesh and cerebral matter are at its ter 
minus, it is clear that unusual importance belougs 
precise views of this the commencing change. The 
of the sun are the authors of all organization. 

There is but one way by which the question can 
finally settled — it is by conducting the experiment in 
the prismatic spectrum itself. When we consider the 
feebleness of effect which takes place by reason of 
dispei-sion of the incident beam through the action 
the prism, and the great loss of light through i-eileel 
from its surface, it might appear to be a difficult o] 
tion to effect a determination in that way. Encour 
however, by the purity of the skies in America, I nii 
the trial, and met with complete success. 

When the leaves of plants are placed in water ft 
which nil air has been expelled by boiling, and exposed 
to the sun's rays, no gas whatever is evolved from them. 
When they are placed in common spring or pump 
ter, bubbles quickly form, which, when collected 
analyzed, prove to be a mixture of oxygen and ni| 
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igen gases; from a given quantity of water a definite 
quantity of air is produce*!. When they are exposed 
in water wliicli has been boiled, and then impi'egnated 
with carbonic acid, the decomposition goes on with ra- 
pidity, and lai^e quantities of gas are evolved. 

The obvious inference seeming to arise from these 
facts is that all the oxygeu collected is derived from 
the direct decomposition of carbonic acid. 

Having by long boiling and subsequent cooling ob- 
tained water free from dissolved air, I saturated it with 
earlmnic-acid gas. Some grass leaves, the surfaces of 
which were carefully freed from adhering bubbles or 
films of air by having been kept in carbonated water 
for three or four days, were provided. Seven glass 
tubes, each half an iueh in diameter and six inches 
]ong, were filled with carbonated water, and into the 
tip[»er part of each the same number of blades of grass 
Were placed, care beiug taken to have all as near as could 
te alike. The tubes were placed side by side in a small 
pneumatic trough. It is to be particularly remarked that 
the leaves were of a pure green aspect as seen in the wa- 
no glistening air-film such as is always on freshly 
gathered leaves nor any air- bubbles were attached to 
them. Great care was taken to secure this perfect free- 
dom from air at the outset of the expenments. 

The little trough was now placed in such a position 
that a solar spectrum, kept motionless by a heliostat, 

id dispersed in a horizontal direction by a flint-glass 
fell upon the tubes. By bringing the trough 

arer to the pnsni or moving it farther off, the different 

ilored spaces could be made to fall at pleasnre on the 

iverted tubes. The beam of light was about three 

inrths of an inch in width. 

In a few minutes after the beginning of the e.'q)en- 
ment, the tubes on which the orange, yellow, and green 
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rays fell commenced giving off minute gas-bubbles, a 
Id about an hour and a half a quantity was collected 
sufficient for accurate measurement. 

In Fig. 20, a a represents the trough, and R, O, Y, etq 
the tubes containing the leaves and carbonated wad 
placed 80 as to receive the spectrum, b b. 




The gas thus collected in each tube having been trans- 
ferred to another vessel and its quantity determined, the 
little trough with all its tubes was freely exposed to the 
sunshine. All the tubes now commenced actively evolv- 
ing gas, wliich, when collected and measured, served to 
show the capacity of each tube for cari-j'ing on the proc- 
ess. If the leaves in one were more sluggish or exposed 
a smaller surface than the others, the quantity of gas 
evolved in that tube was correspondingly less. And 
though I could never get the tubes to act precisely 
alike, after a little practice I brought them sufficiently 
near for my purpose. In no instance was this testing 
process of the power of each tube for evolving gas omit- 
ted after the experiment in the spectrum was over. 

From the following table it appeal's that the rays which 
cause the deconqiosition of carbonic-ncid gas are the < 
ange, the yellow, the green ; the extreme red, the blue, tj 
indigo, and the violet exerting uo perceptible effect "" 
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S^blt of the DeconiponlioH of Carbonic Acid by Light of Dijerent 

Color/. 



Eiperime 


uil. 




11. 




Nimeorm;. 


Volameorgnt. 


N.ineofray. 


VoiuiMort-..^ 




Exireme red 

Red nndui'HUge... 
Yellow mid Rreen. 
Green mnU Who... 


.33 
20.110 
86.00 
.10 
.00 
.00 


F.xircme red and red. 
1 Itcd and orange 

Yellon-nnd green 

1 Green Md blue 


.00 
2i.7fi 
48,7ri 
4.10 
1.00 
.00 




Indigo 

Viulet 






Violet 
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should therefore expect that in a beam, passing through 
absorbent media of such a nature that the extreme retl, 
the blue, the indigo, and violet are absorbed, this de- 
Doniposition should nevertheless go on. A solution of 
bichromate of potash nearly fulfils these conditions. It 
transmits the luminous rays in question, except a trace 
of those which correspond to the more refrangible yel- 
ow and less refrangible green. 

A remarkable proof of the correctness of the foregoing 
immatic analysis conies out when leaves are made to 
let on carbonated water in light which has passed 
ibrough a solution of Vnchroniate of potash, I took a 
iTOoden box of about a cubic foot in dimensions, and 
iaving removed its bottom, adjusted to it a trough made 
f pieces of plate-glass. The box being set on one side, 
» lid served as a door, and the trough being filled with 
i solution of bichromate of potash, the sun's beams came 
ibrough it, and in the inteiior of the box leaves and car- 
tonated water could be exposed to the rays that had 
aiped absorption. The thickness of the liquid stra- 
nm was about half an inch. I had several such boxes 
nade, so that I might compare the simultaneous effect 
flight that had undergone absorption by different me- 
ia They formed, as it ^vere, little closets, in which 
udies could be exposed to parti-colored light — blue, 
«Uow, red, etc. 
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Fig. 21 represents one nf these closets; a a is its i 
of stained . glass, or 
trough containing the i 
sorliing solution, bicB 
mate of potash, etc. ; i 
tlie tloor. 

Whenever 
ment was commenced j 
_ _ ^ these closets, a similar o 

-^T^-^' " was simultaneously com- 

* menced in the unobstruct- 

ed sunshine. It is needless to state that in all thai 
oare was taken to have the different arrangements j 
decomposition as nearly alike as possible, 

On comparing the amount of gas evolved in uni 
sorbed light and in light that had undergone absorpti 
by bichromate of potash, in three out of five trials 
gas collected under the latter circumstances exceeded 
volume that collected under the former; this was pi 
ably due to a higher temperature existing in the box. 
On comparing the volume of gas collected under 
chromate of potash and under litmus- water, the latl 
was not equal to half the foi'mer. 

I compared the gas evolved in unobstructed light, 
under bichromate of potash, and under ammonia 
phate of copper; the results were as follows: 



UnobstruclHl light 

Bit-hroniiile orpodmli. 
Aminoiiin giil|jliate of i 



It therefore appears that light which has pas _ 
through bichromate of potash, by which the chemical 
rays have been absorbed, can accomplish this decompo- 
sition ; but light which has passed through ammoi ' 
sulphate of copper, which transmits the chemical rai 
fails to produce that effect 
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For tliese reasons I coiicluile tliat the decomposition 
of carbonic acid by the leaves of plants is brought about 
hy the rays of light, ami that the calorific and so-called 
chemical rays do not participate in the phenomenon. 
The rays of light are therefore as much entitled to the 
appellation of chemical rays as those which have here- 
tofore passed under that nama 

Next I examined the constitution of the gaseous mist- 
are given oft" during these decompositions. It proved to 
he not pure oxygen, but a variable mixture of oxygen, 
nitrogen, aud carbonic acid. Omitting the carbonic acid, 
which diffused from the solution in variable quantities, 
the following table represents the composition of the 
gaseous mixture; 

Aitalyiet of Oas evolved from Carbonated Water. 



Exp. |N„mii of pl.nl. 


Oifgeo. 


N11f,)Keu. 




I 


PiDDI tttdu. 


18.10 


8.34 




•i 




37. IS 


IS.Ht 








32.«3 


21.67 






Fon annua. 


90.00 
77. !K) 


10.00 
32.10 





This table contains a few out of a great nnmber of 
experiments, all of which might have been quoted as ex- 
mmples of the conclusions which I wish to deduce. Ist. 
They all coincide in this, that the oxygen is never 
evolved without the simultaneous appearance of nitro- 
igen ; 3d. That when certain leaves are employed, as those 
of the Pinus tfeda, tliere seems to be a very simple rela- 
tion between the volumes of oxygen and nitrogen. In 
tbe first and second of these experiments, the volume of 
ygen is to that of nitrogen as two to one; in the third, 
8 ope to one. In eeitain cases this apparent simplicity 
f proportion is departed from ; but froni its frequent oc- 
I in many analyses I have made it seems to do- 
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maml attentive considerfltion. Moreover, in other plani 
as in ex])erimenta 4 and 3, t!ie amount of oxygen is i-ela- 
tively greater, and between it and the nitrogen there 
does not appear any exact proportion. 

In order to ascertain whether decompositions taki 
place under absorbent media, as bichromate of poti 
yield the same results as indicated in the tbrcgoi 
table, I made several analyses of gas collected um 
those circmustauces. The presence of the absorbent 
diuni did not seem to exert any influence whatever, the 
general results coming out as though it had not been 
employed. 

It was also found that the alkaline carbonates 
bicarbonates could be decomposed by leaves in yelh 
light. The alkaline bicarbonates, as is well known, 
dergo decomposition by a slight elevation of temperatiii 
When boiled in water they gradually give off their 
ond atom of carbonic acid, and slowly pass into the 
dition of neutral carbonate. In the experiments I mi 
with them the boiling was not continued long enough to 
affect to any extent the constitution of the salt, and in 
each case any portion of carbonic acid extricated duiini 
cooling was removed by the air-pump. A few ]ea¥< 
I)laeed in this solution showed no effect if kept in 
dark, but if brought into the sunsliiue there was a 
ous evolution of gas-bubbles, which, on detonation wi 
hydrogen, proved to be rich in oxygen gas. One exi 
ment gave 88 of oxygen, 12 of nitrogen. 

In a subsequent communication to the PhiIosoph\ 
Magazine (Sept., 1844), I gave additional 
the gas emitted in yellow light as follows: 

Five tubes, each three eighths of an inch in diatni 
and six inches long, were inverted in a small trough 
water containing carbonic acid, with which the tubes 
were also filled. Some blades of grass nearly of the 
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same size and volume were placed in each tube. This 
grass had been kept tor two days in tbe dark in a bottle 
filled with carbonated water. During this time the film 
I of air which envelops all uew leaves was removed, the 
[■grass became perfectly free from all adhering gaseous 
I matter, and when in the carbonated water exhibited a 
V dark-green aspect. 

I have previously found that leaves thus soaked emit 
I under the influence of light a larger amount of nitrogen 
I than usual ; this comes from the incipient decay of some 
t of their nitrogenized constituents. When under these 
circumstances they are placed in the sunshine, this nitro- 
gen comes off along with the gas liberated from the car- 
bonic acid. 
In the expenment I am now relating, a tube an-anged 
PKke one of the foregoing five evolved in the open sun- 
\ ^litie a certain volume of gas which was composed of — 

Oxygen 41 ) 

Nitrogen A9 - 100 

Carboiiit BCid 00 ) 

The five tubes were placed in the spectrum in the fol- 
Llowing colors, and emitted the quantities of gas repre- 
laented in the following table: 




I 



The gas in tube 2, which had been in the orange and 
yellow ray, was then washed with a solution of caustic 
potassa. After this it still measured I'd.H. It contained, 
therefore, no perceptible quantity of carlwnic acid, ft 
nest examined for oxygen, and with the following 
resQlt: 
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ConalituCion of Oas emitted in Orange and Yttlow Liffhl, 
Oxygen B.O-i f Oxygen 40.4 

Nitrogen 11,8- or - Nitmgon R9.6 

Cnibonicftcid.. O.o) 4 Carbonic add . . 00.0 



The gas evolved by the yellow and green rays i 
nest analyzed. Like the former, it underwent no dim 
nution by ^vasliing with caustic potash. After 
treatment it thei'efore measured 27.4, and on being i 
amined for oxygen yielded as follows: 

Conalitution of Oas emitted in Ytlloie and Cfretn Light. 



Nitrogea 14.9 [■ 

Caibonic ncid. . 00.0 J 



fOxygen 45.6 

■< Nitrogen 64.4 

tCarbooic Mid,. 00.0 



In explanation of the large and variable amount 
nitrogen occiirriug in these analyses, it will scarcely be 
necessary to remind the vegetable physiologist that it 
aiises from the mode of conducting the experiment. Il 
order to be absolutely certain that no atmospheric 
iufilmed the leaves, they were soaked iu water, and tht 
when brought into the sunlight the nitrogen which hi 
accumulated in their tissues fiom incipient decay 
fused out with the fii'st portions of oxygen. As, thei 
fore, more and more gas was evolved, the relative amount 
of the nitrogen diminished. Thus the reason that the 
third tube appeared to be richer in oxygen thau the sefr 
ond was owing to its containing more gas. Any 
however, who is familiar with the physiological act! 
of leaves will understand these things without any 
ther explanation. 
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MEMOIR XI. 

OF THE FOIiCE INCLUDED IN PLANTS. 

I Collected And condenNed rrom Mtmuirs in tht^ Joumiil uf the Franklin Instiiiue and 
Hurpor's Mutilhlf Maguzine. 

CosTKKTs: — Growth of a sted in darhifss and in light. — Action of 
plaaU and animals rt»peetivehj on the atmosphere. — Examination of 
Rumford'a eiperimtnta. — Dark hral rays cannot deeompote carbonic 
aeid. — Orrmination in colored raijs. — Gretniag of leaves taket place in 
ttte gelloio and adjacent rayt. — The enmntial condition of all chemical 
thange* fiy radiation it absorption. — Plants absorb force from the sua ; 
it it atiociated with their combustible /larlSf and is disengaged by oxi- 
dation. 

I HAVE given in Memoir II. a descnption of tlie atruct- 
tire of an ordinary fianie. Its light is derived tiom par- 
ticles of solid carbon issuing from cuiubustible matters 
with which the wii;k or tlie gas jet is fed; these solid 
pai'ticles, passing from a low temperature to a white 
heat, and undergoing eventually complete oxidation, es- 
pe into the atmosphere as carbonic-acid gas. 
We now encounter a question of imposing interest: 
Whence has the force which thus manifests itself as heat 
aud light been derived ? Force cannot be created ; it 
cannot spring forth spontaneously out of nothing. 
It may be said, without much error, of such flame-giv- 
corapounds as we are here considering, that they are 
the most part compounds of carbon witli hydrogen, 
regard them as such will very much simplify the 
its we have now to present. 
Under the form of oils and fats these combustible 
substances are derived directly or indirectly from the 
" ; dii-ectly, as, for instance, in the case of 
M 
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olive-oil; indirectly, as in the case of animal oils and 
These have been collected by the animals IVom which 
we obtain them out of thtiir vegetable (o<m\. Even fiats 
derived from the carnivora have been procured from the 
herbivora, and came originally from plants. 

This bnngs us therefore to a consideration of 
chemical facts connected with the life of plants. 

If a seed be planted in moist earth, the air having 
cess and the temperature that of a pleasant spring da^ 
germination in the couree of a few hours will take place. 
Should the process be conducted in total darkness, as in 
a closet, the young plant shoots upward, pale, or at most 
of a faint tawny tint. We can easily verify this state- 
ment by placing a few turnip seeds in a flower-pot 
taining earth, put into a closet or drawer from w! 
light has been carefully excluded, 

A sickly-looking plant thus springs from a seed 
dark. It is etiolated, as botanists say. If we examine 
it carefully, making allowance for the water it contains, 
we shall find that no matter how tall it may be, its 
weight has not increased beyond the original weight of 
the seed from which it came. It has been developing at 
the expense of the seed, the substance of M'liich has been 
suffeiing exhaustion for its supply of nourishment. W 
cannot continue this development in the dark indeflnil 
ly, for the seed-supply is soon exhausted, and then 
shoot dies. 

But if instead of exposing the seed which is the aub- 
ject of our experiment to darkness, we cause the germi- 
nation to take place in the open day, a very didei 
train of consequences ensues. There is no longer 
immoderate extension of a sickly etiolated stem upwi 
but the parts emerging into the light turn green, 
soon, to use a significant expression, they are w 
from the seed ; they no longer use the material colli 
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for them in the preceding year by the parent plant, and 
Btored up for their use, but their leaves, expanding, turn 
green, and expose themselves to receive the rays of the 
ftiu. If they be now examined as in the previous iu- 
Atance, making allowance fur the water they coutaiu, it 
will be found that from day to day their weight is in- 
creasing; they are living independently of the seed. 
They are obtaining carbon and hydrogen, the former 
■cm carbonic acid, and the latter fioni watei' and am- 
aionia — compounds existing in the air or furnished from 
the ground. 

If a seedling, germinated in darkness and permitted to 
grow to a certain extent, be then exposed to light, pro- 
vided its dark- life has not continued too long, its etio- 
lated aspect will soon disappear ; it turns green, and as- 
iBomes all the characters of a healthy plant. This is iu 
ieffect the natui'al process. For we bury seeds a little 
onder the surface, covering them lightly with earth, the 
lOpacity of which secures the necessary darkness; but the 
laould being moist, the air having a ready access, and 
ihe temperature of the season suitable, all the conditions 
iteedtiil for germination — water, air, warmth, darkness — 

! present. The plumule, or shoot, makes its way out 
Bf the obscurity into the light; its reliance for nutrition 
1 the seed ends; its independent life begins. It obtains 
arbon, hydrogen, oxygen, nitrogen from the air, and sa- 
line substances and water from the soil. 

The facts which we thus bring into relief, as necessary 
for the further exposition of the subject, are these : In 
be first stage of the life of a plant, its dark-life, there 
I, excluding water, a diminution in the weight; in the 
Bcond, or light-life, there is an increase, due very largely 
> the appropriation of carbon from the air. The atmos- 
^eric carbonic acid has been decomposed, its oxygen set 

) ttud, for the most part, permitted to escape, its other 
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constituent, carbon, now ministenug to the growth of 
plant. 

A stone trough standing in a garden received 
waste water from a pump. There had accumulated on 
its sides a green sHmy growth (conferva). Fi-om th; 
growth.ou the west side of the trough, M'hich was receii 
iug the morning rays of the sun, bubbles of gas wer 
tiuually forming; and these, as they attained a sufliciei 
size, rose through the water and escaped into the aifT 
This effect on the west side diminished as the sun passed 
towards the meridiau, but at mid-day the north side of the 
trough was in full activity. As evening came on, that in 
its turn gave forth fewer bubbles, and was succeeded id 
activity by the east side. At first it was thought that 
these bubbles were nothing more than the gas which is 
dissolved in all water, and analogous in composition to 
atmospheric air, but closer examination showed that 
was oxygen, nearly pure. Duriug the night no gas wl 
ever was disengaged. 

Priestley, Ingenhousz, Runiford, and othei' experiment- 
ers of the last century investigated these facts carefully. 
The conclusions to which they came may be thus 
marized : All ordinary natural waters contain carboi 
acid in solution ; leaves or other green parts of ph 
placed iu such water and kept in darkness exert no actu 
upr»n it, but in the sunshine they decompose the carlwi 
acid, appropriating its carbon and setting its oxygen _ 
as gas. Soon, however, the supply in the sample of water 
is exhausted, and the action even in the sunlight ceases. 
It is again resumed if more carbonic acid be aitificially 
dissolved in the water; and since the air expired from 
the lungs in the act of breathing contains much of that 
gas, it is sufficient, by the aid of a tube, or in any other 
suitable manner, to conduct such expired air into the 
water for the disengagement of oxygen to go on. 
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The ex peri men ts of these earlier cteniists had thus 

italilished the iiupoitaiit fact that from carbonic acid, 

bich is extensively diffused thiough the atmosphere 

nd iu watei', and even In the soil, through the influence 

f sunlight, oxygeu is obtaiiietl. The sunlight, then, is 

" e foi-ce which carries into effect the decomposition. 

There is thus a perpetual drain on the supply of car- 

inic acid, a perpetual tendency to its diminution, and 

nee, for the order of nature to continue, there must be 

incessant supply. The source of that supply was very 

rikingly indicated by some of Priestley's experiments. 

iHaving rendered a quantity of air thoroughly noxious 

f mice breathing and dying iu it, he divided it into 

po receivers inverted in water, introducing a few green 

aves into one, and keeping the other receiver unaltered. 

be former was placed in light, the latter in darkness. 

,fter a certain time he found that the air in the former 

id become respirable, for a mouse lived very well in it; 

lut that in the latter was still noxious, for a mouse died 

le moment it was put into it." 

To Priestley chiefly, though he was aided by other in- 
stigatoi-s, we must refer the honor of one of the great- 
Bt discoveries of the last century. It was this, that the 
wo great kingdoms of nature, the animal and the vegr- 
ible, stand at once in antagonism anil alliance. What 
, done by the one is undone by the other. Each is ab- 
)lutely essential to the existence of the other. There is 
never-ending cycle through which material atoms run. 
[ow they ai'e in the atmosphere, then they are parts 
F plants, then they are transferred to animals, and by 
hem they are conducted htck to the atmosphere, to run 
brough the same cycle of changes again. The sunlight 
applies the force that carries them through these revo- 
iitioDa. 
Previously to 1834 I had turned my attention to this 
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interesting subjwt. It Iiad been asserted by Rumforf 
that many other substances besides the leaves of plants 
would evolve osygeu gas. He specified raw silk and 
cotton fibres. My investigation commenced by an exam- 
ination of this assertion. I soon found that two totally 
distinct things had been confounded. Oi-dinary ■ 
contains, as has been said, carbonic acid in solution, 
it also necessarily contains the ingredients of atmospbei 
air. To this, for the sake of distinctness, the perhaps a 
correct designation of water-gas may be given. Silrf 
oxygen is very much more soluble than nitrogen, tll| 
dissolved gas differs in composition trom atmospbe^ 
air. It is relatively richer in oxygen. 

I very soon found, on exposing raw silk, spun glal 
and other such fibres, immersed in ^vater, to the sun, tU 
Rumford's assertion was coirect — gas-bubbles were I 
free; but his inference was incorrect — the gas did i 
eome from decomposed carbonic acid ; it was merely 1 
water-gas of the water. I was thus able to sej>arate t _ 
true from the false portion of the experiment. And 
though I thus dispose of the subject in a few words, it is 
perhaps due to the labor that was expended to say th^ 
it cost several weeks of uninterrupted work and i 
scores of analyses before I felt absolutely certain 1 
this was the indisputable interpretation of RumforJ 
experiments. 

Now as a guide to a correct exposition of the ex; 

ments that I have to relate, it must be borne in mind that 
the assumption of a green color by a germinating plant 
and the decomposition of carbonic acid by it are identici 
events. Or, perhaps, to speak more correctly, the 1ml 
is the cause, the former the effect. 

At that time very incorrect views of the nature of tBI 
sun -rays were entertained. It was believed that they 
contained three distinct principles: (1) heat,(2) light, (^3) 
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cBerait'ftl or dtoxidiziug radiations. Id common with all 
otber chemists I accepted this view, and proposed to my- 
self to determine to which of these priuciplfs the decom- 
position of carbonic acid and the greening of plant leaves 
are due. 
1^ And first, to ascertain if it were the heat radiation, I 
^knvei^ed, by the aid of a large metallic mirror, the dark 
^Br invisible radiations emitted by an iron stove on some 
^Teavea placed in water. The gas which was set free was 
nothing more than the water-gas; there was no deconi- 
position of carbonic acid. 
~, In Fig. 22, a is the concave mirror,^ an inverted flask 

iontaining the leaves and 

Water; it dips into a glass, 
, also containing water, 
iDd receives the reflected 
diations of the stove,rf(/. 
' Then I tried a similar 
periment, using the radi- 
ations emitted by a bright- 
ly burning wood fire. The 
Kult was the same as the 
receding, and I even push- 
the experiment so far 
^at the water became very 

lot, a portion of its carbonic acid effervesced from it, and 

he leaves lost their bright green color. Still no decom- 

»ition of the carbonic acid could be detected. 

At this time it was generally received that the esseu- 

l chai'acteristic of the more refrangible — the violet — 

ays is that they produce deoxidation. In accordance 

nth this opinion a name — deoxidizing — had been given 

Now since the decomposition of carbonic acid is 

I effect of deoxidation, I was not surprised at the issue 

f the foregoing ex-penments, and expected to find that 
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though the less refrangible radiations, those of heat, 
were inoperative, the more refrangible, the chemical or 
deoxidizing, would decompose cnrbonic acid readily. 

But some collateral experimenta had thrown a difS- 
culty in the way of this conclusion. I had caused seeds 
to germinate in three little closets (Fig. 21, page 172), into 
which, by means of panes of colored glass, or through 
troughs filled with colored liquids — red, yellow, and vio- 
let — light respectively could be admitted I remarked 
with very great surprise that the seeds in the red-light 
closet and those in the violet one were just as much etio- 
lated as they would have been had they grown in dark- 
ness; those in the yellow closet promptly assumed a 
green color, and developed themselves as well as if grow- 
ing under natuial circumstances. 

But the light that comes through stained glass and 
colored solutions is far from being homogeneous; it con- 
tains rays of many i-efrangihilities. I therefore deter- 
mined to attempt the gi-eeniug of plants and the deconi- 
jwsition of carbonic acid by their leaves — phenomena 
which, as has been said, are equivalent — in the solar 
spectrum itself. 

I arranged things so as to have a horizontal solar spec- 
trum of several inches in length kept motionless by a he- 
liostflt, I had previously caused to germinate in a wooden 
box filled with earth, and of corresponding length, a crop 
of seeds. They were etiolHted, or blanched, for the ger- 
mination had taken place in the dark. These young 
plants I placed so as to receive the spectrum. Very soon 
those that were in the yellow space turned green, bat 
those in the extreme red and extreme violet underwent 
no change, though the exposure might be kept up the 
whole day. 

In Fig. 23, a a is the box containing the germinal 
seeds, and placed so as to receive the colored spacea,; 
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0, Y, G, B, I, V — red, orange, yellow, green, blue, indigo, 
violet — of tlie spectrum. 

Many repetitions of tbis expenment satisfied me that 
k is the yellow and adjacent regions of the spectrum 
rhicli occasion the greening of plants; the heat rays 
ind the chemical rays have nothing whatever to do 
irith it. 

Next I attempted the decomposition of carbonic acid 
D the 8i>ectrum, and succeeded. I read before the Amer- 
ican Philosophical Society in Philadelphia, at its centen- 
nial celebration in 1843, an account of this experiment 
s published in Memoir X. 

In addition to the special interest of these experiments 
|tD plant life, they had a very important bearing on the 
[eneral piinciples of actino- chemistry. They proved 
hat it is altogether incorreet to suppose that chemical 
hangea are Ipronght about by the more refrangible rays 
mly. Tliey showed that every ray has its pn>per chem- 
function ; for instance, the violet in the decomposi- 
I of compounds of silver, the yellow in the case of car- 
tonic acid. And hence I proposed to aV)andon the con- 
eption of a tripartite division of the spectrum into heat, 
igbt, and chemical radiations, and to designate radia- 
ions by their wave-lengths, or, better siill, by their ntim- 
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her of vibrations — a metbod now uuivei'sally adopted 
spectrum analysis. 

By otlier experiments — a narrative of which would 
too long for the present occasion — I estahlished this 
result: that for any ray to produce a chemical efl'ect, it 
must be absorbed. For instance, when a ray has passed 
through a mixture of chlorine and hydrogeu gases, and 
by causing them to unite has produced hydrochloric acid, 
it can no longer produce the same effect if made to pi 
through a second j)ortion of the same mixture; its 
iug part has been detained or absorbed by the first 
too, the radiations which have falleu on a daguerreotype 
plate, and impressed their image upon it, have lost the 
quality of producing a similar effect on a second plate 
that may be placed to receive them. Their active poi'^ 
tion has been taken up or absorbed by the first 2^e ea- 
seiilitd preUmiimry of all chemical changes by radiatu 
■k ahsaqftion- 

But it must not be supposed that the rays thus 
Borbed are annihilated or lost. They are simply held in 
reserve, ready to be surrendered again, undiminished and 
unimpaired, if the conditions under which they were ab^ 
sorbed are reversed. They may appear under some otl 
form — as heat, electricity, motion — but their abso] 
energy remains unchanged. This is a necessary coi 
quence of the theory of the Conservation and Con 
tion of Force. 

From this point of view how interesting is that greal 
discovery made by Angstrom, that an ignited gas emits 
the same rays it absorbs — a discovery that explained 
the Fraunhofer lines of the solar spectrum, and com 
tuted an epoch in tlie history of spectrum analysis. 

I have now presented the facts that are requisite I 
answering the question proposed on one of the foreg " 
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;s: " WheDce has the force wLich manifests itself as 
heat anil iiglit ia a flame been derived? Force cannot 
•he created ; it cannot spring forth spontaneously out of 
■aothing," 

The answer is, it carae from tite sux 
Under the influence of bis rays the gi-owing plant de- 
composed carbonic acid obtained from the atmosphere, 
■ppropriating its carbon and setting its oxygen free. To 
iccomplish this decomposition, this appropnation, it was 
necessary that a poition of the energy contained in those 
lays should be absorbed. Associated with this, the car- 
'hon could now form part of the plant, and, indeed, cou- 
ititated the solid basis of which it was composed. 

But the force thus associated with the carbon atoms 
was not annihilated ; it was only concealed : through 
Bountless ages it might remain in this latent state, ready 
; any moment to come forth. All that is requisite is 
to oxidize the carbon, to turn it into carbonic acid, and 
fche associated energy, under the form of heat and light, 
18 Set free. 

When we read by gas or by the rays of a petroleum 
lamp, the light we use was derived fi'ora the sun perhajis 
millions of years ago. The plants of those ancient days, 
•cting, as plants do now, under the influence of sunshine, 
fceparated carbon from the carbonic acid of the atmos- 
phere by associating it with the radiant energy they had 
iibsorbed, and this remained for ati indefinite time en- 
dosed, as it were, in the now combustible material, ready 
> be disengaged as soon as the revei-se action, oxidation, 
atkes place, returning then to commingle as heat with 
the active forces of the world. 

Much of what has here been said applies to hydrogen 
8 well as to carbon. Hydrogen is derived, under similar 
onditions, from the decomposition of water or ammonia. 
Fhen ita oxidation recurs, it delivers up, under the form 
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of heat, the energy it liat! absorbed. As, how 
here speaking of the source of light in flames, in which 
carbon takes the leatling and hydrogen only an indirect 
or subordinate part, it is not necessary to trace in furthi 
detail the action of the latter element. 

A very interesting illustration of the principles hei 
under consideration occui-s in the case of the deconipos 
tion of water by an electric current. The constitueni 
of the water, hydrogen and oxygen, are set free in thi 
gaseous form. But for them to assume that form they 
must be furnished with caloric of elasticity. The cuiTent 
supplies them with this, and, indeed, the decomposition 
can only go on at the late which is regulated by that 
supply. The heat they have thus assumed remains in- 
sensible in them, impairing to them their elastic or gas- 
eous condition, until they are caused to reunite and re- 
form water, when it is at once given up. The part that 
is played by that portion of the electric current which is 
thus transformed into heat — and furnishing their caloric 
of elasticity to the evolving gases is absolutely essentij 
to the decomposition — has been hitherto too much 
looked by chemists. 

Nature thus offers us in the instance we have been 
considering in this Memoir a striking illustration of the 
transmigration of matter and of foi'ce. Plants obtain 
carbon from the atmosphere ; it constitutes the basis of 
their conibustiVde portions. Sooner or later it suffers ox- 
idation, turns back into the condition of carbonic acid, 
and is diffused again into the atmosjihere. There is a 
never-ending series of cycles through which it runs: now 
it is iu the air, now a pait of a plant, now back agai 
in the air. And the same is true as regards the enei 
with which it was associated. Derived from the sui 
beam, it lay hidden in the jdant, awaiting re-oxidatioi 
then it was delivered, escaping under the fonn of heat 
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Bght, and reiuiiigling with the univei-sal cosmic force 
from which it had been of oUl denved by the smi, or 
from which, perhaps more correctly speaking, the sun 
ihiinself was denved, foi- he is the issue of uebular con- 
densation. 

I cannot close this Memoir without making reference 
to a point of surpassing interest. What goes on in the 
case of a flaiue, goes on iu the case of an animal. Either 
from other animals or from plants, combustible material 
is obtained and used as food. Directly or indirectly it 
nndei^oes oxidation iu the system, brought about by 
the air introduced through the process of respiration. 
Speaking iu a general luaituei-, though there are many 
iDtermediate products, the issue of this chemical action 
) the evolution of carbonic acid, ammonia, water, which 
pass into a common receptacle, the atmosphere. Thence 
their ingredients are taken by plants, and, under the 
•gency of the sunlight, combustible material— food^s 
re-formed. The same particle is, therefore, now in the 
air, now in the plant, now in the animal, now back again 
in the air. It suft'ers a peipetual transmigration. 

But in the case of an animal the oxidation may not be 
80 sudden, so complete, as it is in the case of a flame. It 
may, and indeed generally does, go on stage by stage, 
step by step, partial oxidations occurring. It is thus 
that, from one original hydrocarbon, a long catalogue of 
"fetty and oily substances may anse ; the inevitable issue, 
Jiowever, is total o.\idatiou. As the partial degradations 
go on, in corresponding degrees the latent energy or force 
is set free. It may assume any correlated form, as mus- 
oolar motion ; or, as heat, it may give warmth to the 
body; in ceilain fishes, as the gymnotus, it may turn 
nto an clectncal or nerve current; in certain insects, 
Bch as the fire.fly, into light. 

As a cataract is only a form which any river may &»■ 
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same if it comes to a precipitous descent — a form whic! 
though it may be outwardly uuchangiug, is interiorly 
never for two successive momeuta the same, for it is per- 
petually fed from above and is wasting away Iwlow — so 
the flame of a lamp is only a form, the aspect of which is 
determined by its environment. The changes it is under- 
going issue in the liberation, the escape, of force, chiefly 
under the aspect of light and heat. Its life is very tran- 
sitory. It dies out as soon as the oil that fed it is ex- 
hausted. We blow upon it, and it passes into nonentity. 
And so, too, with an animal, the appearance of identity 
it presents is altogether deceptive. At no two succe»B 
sive moments are its parts the same. lu a very ! 
time all the old have been removed, and new ones htLVi 
taken their places. The force that it derived from itj 
food has been manifested in various ways, such as mU 
cular motion or heat. But the material particles hai^ 
not been destroyed ; they have merely gone back iajij 
the atmosphere, and will be used by nature for the f " 
rication of other plant and animal forms over and over 
again. And so, too, the energy they have displayed — it 
has not ceased to exist; the heat, for instance, that once 
vivified them has merely mingled with that of the outer 
world, and is ready to discharge its special functions 
again and again. In the world there is thus au uuet 
ing transmigration of matter, an unceasing transmig 
tion of force. 
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■KRIMENTS TO DETKRMrNE WllETIIER LIOIIT PR0DCCE8 
ANT MAGNETIC EFFECTS. 

From the Jonrniil of the Franklin Insiiiuie, Feb., 1835. 

■OiiTSNTa: — Mr». Somervil/e'a ej-peritnfnl». — Chriilie't experiment. — 
Their re»alt» cannot be aalistantialed. — The violet ray has ito effect. — 
Blue fflasneii and blue ribboiii u/ao ineffecliiie. 

" TuE more refrangible rays of light are said to pos- 
i the property of renderiug iron and steel raagnetic. 
he existence of this property was fii'st asserted by Di-. 
Korichini of Rome. Other observers subsequently failed 
1 obtaining the same results, but in the year 1825 the 
tct appeared to be decisively established by the learned 
and accomplished Mra. Somerville in an Essay published 
in the Tmnsadions of tlie Royal l^mtiij. In her experi- 
ments sewing-needles were rendered magnetic by e.\pos- 
nre for two hours to the violet ray, and the magnetic 
wirtne was communicated in still shorter time when the 
wiolet rays were amcentrated by a lens. The indigo 
»y9 were found to possess a magnetizing power almost 
I the same extent as the violet; and it was oV)served, 
jhough in a less degree, in the blue and green rays. It 
■ wanting in the yellow, orange, and red. Needles were 
ikewise rendered magnetic by the sun's rays transmitted 
Jiroagh green and blue glass. These results have been 
verified by M. Zantedesehi, of Pavia {^Jiihl, Univ., May, 
i82fl), but their accuracy has been doubted by Riess 
bd Moser. who consider that the means employed by 
(. Somerville for ascertaining the magnetic state of 
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the needles were not sufficieutly exact They found thi 
oscillation of the needles to be wholly unaffected by ex- 
posure to the i)n8iiiatic colors (^Drewsters Jowiiai, Vol. 
II., p. 225, N. S.). This must still be regarded, thei 
fore, as one of the disputed points in science" (^Turna 
Clisiuiniry). 

It has been supposed that these contradictory results 
arose entirely from local ciicu instances. A hazy atmos- 
phere, such as is met with in the northern and middle 
countries of Europe, might perhajjs influence in some 
manner this peculiar property of light when the clearer 
sky of Italy permitted the e-xpenment to succeed. Some, 
indeed, have thought that the observers who were said 
to have verified the alleged results were deceived in n ot 
having previously ascertained the magnetic state of |j 
needles they used. 

Dui'ing the past summer (1834) I have attempted! 
satisty myself whether the more refrangible rays really 
exert any magnetic influence; and happening to reside 
in the south of Virginia, on the same parallel of latitude 
as Tunis and the more northerly African kingdoms, I 
thought the situation too favorable to suffer such an o^ 
portunity to pass without endeavoring to gain eome^ 
fbrniation on this contested point. 

In 1824 Mr. Chiistie found that a needle six inctf 
long, contained in a brass compass-bos. with a glass 
cover, suspended by a hair and made to vibrate alter- 
nately shaded and exposed to the sun, came to rest mucii 
sooner in the latter than in the former case. That this 
was not occasioned by an increase of temperature waa 
proved by the needle vibrating more rapidly when . J 
temperature was raised by other means. 

On repeating this experiment, I very quickly foi 
that it depended iu a great measure on the mode of 
suspension of the needle, and its position with respect t<>. . i 
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I incident Hglit, wliat results would be obtained. , If 
I needle was suspended ou a point, or by a thread 
ihout torsion, the tiiue and the number of vibrations 
re the same whether the needle was exposed to the 
ibeam or not. But if the needle was suspended by a 
Ir or other organic substance having torsion, the sun- 
ira would occasion a twist iu the hair on its first 

poaure to light; and if the direction of tliat twist hajt- 

led to coincide with the direction of the needle's 

tion, the momentum of the needle was increased and 

vibrations continued longer. A needle whicli vi- 

^ted forty-four times in one minute would occaaional- 
owing to this cause, vibrate forty-six when suspended 
a hair; but if by a silk fibre, its vibrations were al- 

lys forty-four, the first arc of vibration being iu every 
lance 40°. 

Thinking to obtain more decisive effects, I concen- 
:ed the sunbeam with a lens ou the south pole of the 
ipended needle, and found that the needle was thrown 
' a rapid, ti-emulous motion. But here the hot air 
tnding from the needle acts upon it as upon the sail 

a windmill; and the same effect ought to take place 
a certain extent on simple exposure of the half of a 
iruting needle to direct light. But I found that a 

Bdle suspended in the vacuum of an air-pump by a 
lad without torsion is in no way affected by exposure 

solar light. 

^t is said in the account of Chnstie's experiment that 
needle was contained in a brass compass-box. It 
rbt Lave been that electrical currents were excited in 
it hox which were the cause of the derangement in 
istion. I therefore vibrated a needle under similar 
inmstancee. with the result above stated. I should 
ntiou that this was done iu a solid cylinder or ring 
brass without any seam or soldered junction ; but as 
N 
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compass-boxes are generally made of sheet-brass i 
soldered seam in tlie side, it was possible tbat the fine 
line of solder acted with the brass as a thermo-eltjctnc 
couple, capable of excitation by the warmth of the sun- 
beam. I thei'efore made a compound cylinder, half of 
copper, the other haif of ziuc, c i, 
Fig. 24, the edges of which, at a 
and A respectively, are sohlei-ed to- 
gether, one junction, 6, being pol- 
ished, the other, a, blackened. The 
needle was suspended in au es- 
hausted receiver by a silk fibre,;/, 
„^ and a ray uf light, d, coming from 
-''^ an aperture half an inch wide in 
the shutter fell upon the junction. 
The needle used in this experimeut 
"' ~ was of watch-spring. Its first vi- 

bration was performed in an are of 40°, and when the 
compound cylinder was taken away it made thirty-two 
vibrations in sixty seconds in vacuo. On placing it con- 
centrically with the compound cylinder, and sufteriug 
the ray to impinge on the polished junction, the moment 
that the arc of vibration bad become 40° the number of 
oscillations in one minute was observed ; six experiments 
gave severally thii'ty-two. On turning the blackened 
junction to the light the result was still thirty-two, and 
on substituting the solid brass cylinder three consecutive 
trials gave thirty -two. The thermometer stood in the 
sunshine at 103°. 

By some this magnetic action of light has been at- 
tributed to the violet or more refrangible raya only. A 
needle of watch-spring about four inches long, which in 
an exhausted receiver suspended by a filament of silk 
exhibited no polarity, had one half exposed to the violet 
ray dispersed by a flint-glass prism. This I'ay was aepa- 
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I troin others of the spectrum by passing tliroiigli a 
t ill a metallic acieeii, and liaif the needle was screened 
om its action by a }>iece of papei-. After two Lours' 
Kpo8Uit5 to the sun it was suspended again in the ex- 
Ijausted i-eceiver, but still showed no polarity; it was 
^en esposetl to the other rays successively, with the 
nme result. The needle was now slightly touched, and, 
3wly vibrating, arranged itself in the magnetic luerid- 
. The first vibration was performed in a semicircular 
, the Dumber of vibrations in one hundred seconds 
8 twenty-seven. But after four hours' exposure to 
; violet ray, as before, no evidence of any change 
ler increasing or diminishing the number of oscilla- 
rons could be obtained. A beam of violet light passing 
Jirangh a disk of stained glass was concentrated on one 
md of a sewing-needle by means of a lens without pro- 
' dueing any change in the number of vibrations made in 
one minute. This needle on some occasions would, how- 
ever, give different results: when its firet vibration was 
wifoi'med in a semicircle, the number varied from forty- 
>DDe to forty-three in sixty seconds. On vibrating it in 
icuo, its results unifonuly gave the latter number very 
».rly. 

The position of the needle to the incident ray is not 

of any consequence, whether it receives it obliquely, in 

the direction of the light, or across it. If soft iron be 

substituted for steel, the results are still negative, even 

Bf the needle be arranged in the magnetic meiidian, the 

Bne i>f dip, or any other position. I therefore came to 

H|ie conclusion that the violet ray exerts no influence on 

^pe magnetic needle, and that all the other rays are 

^Rually inert. 

■^But as Mrs. Somerville found that a needle placed 
■Ulder a piece of glass or blue ribbon, having half its 
Htaff^protected by paper, became in a short time mag- 
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netiCy I tried tbe same experiment, but in every instance 
failed to make the needle magnetic. When suspended 
by a silk fibre in vacuo needles showed no disposition 
to arrange themselves in any particular direction, and 
when they came to rest were found cutting the magnetic 
meridian at every angle, though the temperature of the 
sunbeam to which they had been exposed on one occa- 
sion was 124^ Great care was taken to asceii^in the 
previous non- magnetic state of the needles, and they 
were suspended by a fibre without torsion. 
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Accotmr OP bome expeeimbnts on the ligiit of 

THE SUN, MADE IN THE SOUTH OF VIBGiyiA. 

tract from iho Jouniiil of the Franklin Institule of Philadelphia fur June, July. 
Augu>l,BUd Se|iteniber, 1837; PhiloBophival Mogaiine, Fob., Iti4u. 

(TBKTs: — Abtorplion o/ lumt'noui rmlialions. — The reference fprr- 
Inim, — Abtorplion f>f fieiil ratlialioiu ; the apparatus emploffrd. — .-Ifr- 
lorjttion of rkanieal radiations. — Screen of bromide of silver. — Color- 

Iation of elilofide and bromidt of silver hy radialiotis that Itavt passed 
I through eorttspondingly colored soluliong. — £arl^ appliealion of pho- 
I loffraphy to the invtitigation of physical problems. — C'rystalUtation of 
I famphor towards the light. — Tht side of vtitels towards the *ty is the 
If a beam of the sun's light be passed tlirough a so- 
latioD of chi'oniate of potasaa, it can no looger Idacken a 
piece of sensitive paper — paper covei*ed over with chlo- 
ride or bromide of silver. If the light which has thus 
passed through a stratum of this liquid be convei^ed by 
means of a lens, the chloride nf silver will remain for a 
long time without change in the focus. 

I made niHiiy such experiments with a view of deter- 
mining the effect of absorbent media on the luminous, 
Iftlorific, and chemical rays. Such, at tliat time, was the 
»pted subdivision of the solar radiations. A ray of 
be sun was caused to pass through a trough with paral- 
lel sides containing the absorbent solutions, and for the 
Jie of exactness a reference spectrum was employed, 
Rlich as is now used in spectroscopic experiments. In 
this manner the particular luminous rays absorbed by 
any given solution could be determined, the absorbed 



198 



EXVEBIMESTS MADE IN VUIGLMA. [M^i 




heat-rays could be ascertained by an air-therraometj 
and the acting chemical rays by papers made seositS 
by chloride of silver. 

Into a darkened chamber, the shutter of which is rep- 
resented in Section at A A, Fig. 25, a beam of the sun's 
light is made to pass hori- 
zontally by means of a mir- 
i-orof silvered glas8,B. The 
mirror I use is one belong- 
ing to a solar microscope, 
and by turning the milled 
screws, e e, it can be brouglit 
into any position required 
to throw a beam horizontally into the room. A brass 
tube,/, two inches in diameter, can be screwed into the 
position figured. There is also a lens, a, Fig. 3], which 
may be introduced ; its focus is nine inches, its diame) 
about two inches, and the diameter of the sun's im; 
gives nearly -^ of an iucli. 

A piece of sheet-lead about a quarter of an inch tl 
is to be out into the form of a horse-shoe of such 
that a circle one inch in diameter may be inscribed in 
Upon this lead two pieces of glass are cemented, so as tn 
form a trough for containing liquids. In Fig. 26, a a 
the wooden basis or foot of the trougl 
c c c, the leaden horse-shoe; J b, 
glass plates. 

A thin metallic plate three or foaT 

'^^ inches square, having a longitudinal slit 

Fi'«. ' in it about an inch long 

and T^g of an inch wide, ia 

to be provided. In Fig. 27, a « is fche slit. 

The lens, fl, Fig. 31, having been removed, 

a beam of light h thrown horizontally into 

the room, as at Fig. 25 ; the slit, Fig. 27, 
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leing placed as at n, Fig. 2i>, a narrow streak of light 
»ases throiigli. The trough, Fig. 2H, is then placed 
whind io such a position that half the light coming 
"iroiigh the slit may pass through tlie liquid in the 
'oiigh,and the other half pass by its side un intercepted, 
lehind the trough ia placed a flint-glass prism, as in Fig. 
S5, and further still a white pasteboard screen,/; a is 
the slit plate, b the trough, d the prism. 

The action of this arrangement is as follows: The 
beam of light cast by the mirror into the room is inter- 
eepted, except the small portion that passes the slit. Of 
^is a part passes through the trough and a part on one 
ade of it. Two beams of light, therefore, fall on the 
■ism, one of which has passed through the trough 
ind suffered absorption, the other has not. There are, 
Jierefore, on the pasteboard screen tivo spectra side 
b^ side. 

Suppose, for example, that the trough is filled with 
listille<l water; the two spectra on the screen are alike, 
I in Fig. 28. If it be filled with a solution ofchromatc 
F potassa, in that coming from the light that has passed 
iTOUgh the trough the blue, indigo, and violet rays are 
iis.sing, as in Fig, 29. If the trough be filled with am- 
lonia-sulphate of copper, the red, the orange, the yellow 
lave disappeared or been absorbed, as in Fig. 30, The 



FIg.SS. Flg.M. Fig. BO. 

^reference or undisturbed spectrum enables us to deter- 
mine what rays have been absorbed with jirecision. 
For the investigation of the absorption of heat the 
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ituUowing appaiatus was used. The luin'or being placed 
on the shutter, as in Fig. 81, a 
plano-convex l«ns, a, is screwed 
into the tube so as to bring the 
rays to a focus on one of the 
bulbs of a delicate differential 
thei'iiioraeter ; this gives the heat 
of the suubeam as concentrated 
by the lens. To find the effect 
of any liquid medium in absorbing heat-rays, the trough 
filled with the substance under trial is placed as at c. 
Fig. 31. The cone of rays, converging from the lens, a, 
on the blackened bulb, b, forma an image upon it, and 
the differential thermometer yields a corresiwnding in- 
dication. In trying different solutions the same trough 
is always to be used, so that the solutions may always 
be of the same thickness. It is also requisite to cover 
the thermometer with a very thin shade of clear glass, 
e e, to prevent disturbance from air-currents. 

I may select as examples the following; A solution of 
sulphate of copjier and ammonia, absorbing the red and 
yellow light, transmitted twenty rays out of every hun- 
dred tliat fell on it. 

A thin stratum of ]>itch enclosed between two plates 
of crown -glass, and transmitting a homogeneous red 
light, but absorbing all the other colore of the spec- 
trum, allowed only 19 per cent, of the heat to pass 
through it. 

In examinations of the transmJasive powera of vapoi-s 
and gases, a cubical bottle was used instead of the 
trougli. The vapor of iodine was thus found to absorb 
two thirds of the heat falling on it ; but the same bottle 
filled with nitrous acid, and which, iherefoi-e, was in a 
stratum of the same thickness, permitted much more 
heat to pass. 
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For th« investigation of cljemical radiations, there was 
placed upon the screen,/, Fig. 25, a paper covered with 
bromide of silver. It darkened in those parts on which 
he more refrangible rays fell. 
Or, having removed the differential thermometer and 
i shade, Fig, 31, the cone of light converging fi'om the 
lens passed throngh a sohition of sulphate of copper and 
jiimonia in the trough, and a piece of paper painted 
with chloride of silver was placed so as to receive the 
Though but little heat was transmitted through 
she solution, a dark spot was at once produced charac- 
eristic of the blackening of the silver salts by the snn- 
lays. Though, therefore, this double salt transmits the 
■ays of heat with difficulty, the rays of chemical action 
pass with facility. If in the trough there be placed a 
itrong solution of bichromate of potassa, a far greater 
quantity of light will pass, and much more heat; but a 
paper painted with chloride of silver being placed in the 
focus, no chemical cliattge whatever goes on, the chloride 
retaining its usual whiteness. 



Note. — The foregoing experiments were made be- 

itween 1>S34 and 1837. The reader of this volume must 

Bot regard them from the present elevated view of Radi- 

ptions. At that time very little respecting these radi- 

g was known. They present to me personally this 

: of interest — that they were the beginning of a 

ries of researches to which I devoted many subsequent 



\ The following is a list of solutions possessing an ab- 
lorptive action on the more refrangible or chemical radi- 
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BlDhmnute of potassA, 
ChromBM of poiaaia, 
Tellow hydrogiilphide oT 
Hydrontilphida of linw, 

Chloi'iaBufiron, 
Chloride of gold, 
Chtoride of platinum. 

It is to be remarkeil that all tliese solutions are y^ 
low. I also fotind that a great many vegetable colored 
infusions, especially those which had a tjelhw tint, would 
in like manner absorb the chemical rays. 

When pieces of paper covered with chloride or bi-o- 
mide of silver were exposed to a beam which had passed 
through a solution of red sulpho-cyanide of iron, the 
paper became of a brick-red color; if to a beam which 
had passed through a solution of ammonia- sulphate of 
copper, it became of a blue-brown; and on exposing a 
piece for five days to light acted on by bichromate of 
potassa, it became perceptibly of a faint yellowish green. 

A beam which has passed through bichromate of po- 
tassa does not cause the union of a mixture of chloriue 
and hydrogen, I kejit such a mixture for several boai 
in it, and could not perceive any change. 

Ritter asserted that the opposite extremities of tfl 
spectrum possess opposite powers of chemical action: 
states that phosphorus will emit fumes in the red \ 
but if the violet be thrown on it, it ceases to smok| 
This experiment I repeated often, and under favoraH 
circumstances, but could not make it succeed. 

I could succeed, however, in showing very beautifully 
the intert'erence of that class of chemical rays which 
'blacken chloiide and bromide of silver, but failed for 
want of proper apparatus in trying to produce their 
polarization. An electric current circulating in a wire 
does not seem to have any influence on these chemical 
I'ays. I found that the same neat magnified image of 
the wire was obtained on chloride paper when it wos 
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placed in a beam divei^iDg fi-om a k-ns, whetber the 
current was niaile to pass or was stopped. 



Note. — These were instances of the application of 
photography to the solution of physical pio>ileni9 long 
before the announcement of the discoveries of Daguerre 
or Talbot. 

The following are some mechanical results of solar 
liglt: 

(fl.) Having made a large air-pump jar clean and dry, 
ft few pieces of camphor were placed on the plate of the 
pump, and the jar exhausted. The pump and its re- 
ceiver were then set in the sunshine, and very soon all 
that side towards the sun was covered with crystals; but 
few or none were on the farther side. 

(i.) A torricellian vacuum having been made in a 
tube half an inch or more in diameter, and upwards of 
thirty inches long, a fragment of camphor was passed up 
through the mercury into it. The tube might be kept 
for any length of time in the dark without anything 
happening, but on bringing it into the beams of the sun 
crystallization in a few minutes took place on that side 
of the tube next the luminary. 

(c.) On the inside of an air-purap 
a circle of tinfoil an inch in diam- 



jar 

;eter was p.* 



sted : 



id havinj 



ig oper- 



in e.vperiment (a), that side 
exposed to the sun. Ci-j'stals 
in fnnned, but the tinfoil protected 
the glass in its vicinity, and none 



rere found within a certain 



space 



>und the metallic circle. Fig. 32. 
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(d.) Crystallization is not necessarily connected wil 
these results; the vajior of mei-cury in a torricellii 
void is condensed towards the light; so also the di 
which settles on the inside of a jar containing wal 
is always on the side nearest the window. The rays 
the snn have also the power of decomposing chloride 
gold : the metalline spangles are deposited on the si 
of the glass nearest to the light. 

Artificial light gives none of these results. 
(e.) Having removed the piece of tinfoil used in ej 
periment (c), it was placed on a stand in fmnt of the 
ceiver; it hindered crystallization taking place on 
parts on which its shadow was cast, and also for a 
tain space in the vicinity. 

(/.) A piece of tinfoil was placed before a jar that had 
been already coated with crystals. It removed all those 
crystals that were within its shadow. 

(y.) Instead of using a piece of tinfoil as in expenmi 
(tf), the receiver was made hot, and a piece of 
nibbed upon it, so as to leave a transparent circle 
that substance on it. On exposure to the light it 
found that the resin could not protect the glass. 

(Ji.) Along the inside of a vessel about to be exposed 
to the sun a glass rod was rubbed. Rows of crystals 
were deposited on the Hues described by the end of tb< 
rod. But the vessel must be very dry for this ex 
ment to succeed. This curious tact was 
observed in the case of an exhausted vei 
having a small siphon gauge shut up in 
the extremity of which rested against 
glass. By accident the gauge was moved 
half round the glass, and shortly afterwai-ds a 
''"■"■ line t)f crystals was observed coinciding wil 
the line of motion. The appearance was such as is 
resented in Fig. 33. 
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Now can we explain these singular results, excepting 
the last, on any other known principle than this : that 
the side of the jar nearest the sun radiates freely the 
heat it receives back again, while radiation is interfered 
with at the other side ? that, in point of fact, the anterior 
side is the colder, and the other side the hotter ? 
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MEMOIR XIV. 

BXAMINATION OF THE PROCESS OF DAGUERei 
NOTE ON LUNAE PHOTOGRAPHY. 

From llie Philo90]>liicnt Magaiine, Sept., IB40; SmiLlisoniau ConCribuiioiii u 

KiionJetlge, No. 1$U. 

CoJiTBBTs: — Detcription nf the proetm. — C<iu*f of the depontion of 
evry and production of the ligkt parti of ikt picture. — Polithing 
the ptatt, — The operation of iodizing, — Efftet of ktepintj the iodi 
TTie aehroviatie lens. — Reduction of focal length in the n 
malie. — The development. — Fixing by hypotulpkite and gnh 
Neceitiiy of beating tkt plale». — Lunar impre»tioti». — Artifieial li 
— Note on lunar photography — The frit phatographg of the 

More than one humlretl instances nre recorded in 
zelius's Chemistry in which the agency of light bl 
flljout changes in bodies; these ai-e of all kinds; for 
matious of new compounds, re-arrangements of elements 
already in union, changes of crystal lographic charact^V 
decompositions, and mechanical modifications. 

The process of the daguerreotype is to expose a 
face of pure silver to the action of the vapor of iodine, 
as to give rise to a peculiar iodide of silver, which uni 
certain circumstances is exceedingly sensitive to lij 
The different operations of polishing, washing with nitrl? 
acid, exposure to heat, etc., are only to secure a pure silver 
surface; the operation of hyposulphite of soda, and the 
process, which I shall jjresently describe, of galvaniza- 
tion, ai-e to free the plate from its sensitive coating, and 
in nowise affect the depth of the shadows, as some 
the French chemists at fii-st supposed. 

There is but one pait of the dagueiTCOtype whi 
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does not yield to tbeory: on one point alone tliere is ob- 
■urity. Wliy does tlie vapoi" of mercury condense in n 
irhite form on those jjortioua of the fihn of iodide which 
la%'e been exposed to the inflneiice of light? — condense 
4o an amount almost proportional to the quantity of 
incident light? 

Even on this point there are facta which appear to 
Iiave a bearing. 

(a.) It has long been known that if a piece of Boap- 
stone or agalmatolite be made use of as a pencil to write 
with on glass, though the letters that may have been 
ibmied are invisible, and though the surface of the glass 
may subsequently have been well cleaned, yet they will 
come into view as soon as the glass is bi'eathed on. 

(i.) I have often noticed that if a piece of very clear 
and cool glass, or, what is better, a cold polished metallic 
reflector, has a little object such as a piece of metal laid 
UjHtn it, and the surface be breathed over once, the object 
)>eing then carefully removed, as often as yon breathe 
again on the surface a spectral image of it may be seen, 
Bnd this singular phenomenon may be exhibited for 
Oiauy days after the first ti'ial was made. 

(c.) Again, in the common experiment of engraving on 
g^ss by hydrofluoric acid, if the vapor has been very 
iak, no traces will be pereeived on the glass after the 
Wax has been removed ; but on breathing over it, the 
noisture condenses in such a way as to bring the object 
ioto view. 

(d.) In a former Memoir (XIII,) I descnbed a phe- 
lomenon relating to the crystallization of camphor on 
urfaces of dry glass, on which invisible traces have 
teen made by the pressure of a glass rod ; this also ap- 
* to belong to the same class of effects. 
Beraelius (Tfaite,Vo\. II., p. 18(>) has attempted to ex- 
lain (a) and (e) on this principle, that the changed and 
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unchangeil surfaces radiate heat nneqimlly. There mi 
he strong doubts as to the correctness of this, but is 
the daguerreotype due to the same cause, whatever 
may be l 

We must separate carefully the chemical chaDj 
which iodide of silver undergoes in the sunbeam fr 
the mechanical changes which happen to the sensitive 
film: iodide of silver turns black in the solar ray — the 
whole success of the daguerreotype artist depends on 
his checking the process before that change shall have 
supervened. 

The coating of iodine is not immediately necessary to 
the production of images by the mercurial vapor. The 
condition seems to be traceable to the metallic surface. 
If you take a daguerreotype, clean off the mercury, polish 
the plate thoroughly with rottenstone, wash it with nitric 
acid, and bring it to a brilliant surface, yet if it has noj 
been exposed to heat, the original picture will reap] 
on exposure to the mercurial vapor. Is not this a r< 
of the same kind as those just referred to? 

As a polishing material for the daguen'eotype plate, 
common rottenstone and oil answer very well. The 
plate having been jtlanislied by the workman, is to be 
rubbed down to a good suiface, and as high a polish 
given to it as possible; it is to be heated and washi 
with nitric acid, as indicated in the French account, 
finished by being rubbed with whiting {ereta pri 
rata) in the state of a very fine powder, going over it 
the last time with a piece of clean diy cotton; t] 
gives an intensely black lustre, that cannot be obtain* 
by rottenstone alone, and thoroughly removes aoy 
which nitric acid may have left. 

To coat with iodine, I make use of a box abont tl 
inches deep, in the bottom of which that substance 
coarse flakes is deposited; no cloth intervenes, but 
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mlveivj plate, with s 



I temporary liandle attached to it, is 
)>rouglit within half an inch of tbe crystaU, and it be- 
comes iMJi-fectly coated in the course of from one to three 
^inutes ; no metallic strips are necessary to insure this 

ffect ; if the edges and corners are thorouglily clean, the 

[Olden hue will appear uniformly. 

ii. Daguerre recommends that the plate, after being 
iodized, shall be placed in the. camera without loss of 
time. The longest interval, he says, ought not to exceed 
an hour. " Beyond this space the action of the iodine 
and silver no longer possesses the requisite photogenic 
proiwrties," 

Thei-e may be something peculiar in the preparation 
of the plate as I have described it, but it is certain that 
this observation must be received with some limitation. 
A plate which has been iodized does not appear so 
quickly to lose its sensitiveness. On the other hand, by 
keeping it in the dark for twelve or twenty-four hours, 
its sensitiveness is often retaai-hably iiwreased. Other 
advantages also accrue. Those who have made many of 
these photogenic experimeuts will liave had frequent oc- 
CAsioQ to remark that tiie film of iodine is not equally 
sensitive all over, that there are spots or cloudy places 
which do not evolve any impression, and often the whole 
is ia that condition that the bright parts alone come out, 
while the parts that are in shadow do not evolve corre- 
spondingly, nor can they be well developed, except at tbe 
risk of solarizing the picture. Now a plate that has 
been kei)t for several hours is by no means so liable to 
these effects: I do not pretend to give any reason for 

I is, but merely mention it as a fact, of considerable im- 
TtftDce to the travelling daguen-eotyper ; he will find 
at the iodine does not lose its sensitiveness iti many 
; 
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states that tliere is an absolute necessity of a pei 
achroniftticity in the object-glass of a photographic cam- 
era. M. Daguen-e appears to have been under the same 
impression, and recommends in his published account 
such an object-glasa 

All the rays of light, with perhaps the exception of the 
yellow, leave an impreftsioii ou the iodide of silver, 
less refrangible raya, however, act much more ! 
than those at the opposite end of the spectrum, 
common kinds of glass, the most energetic action t) 
place in the indigo, or on the boundary of the b! 
Xow the retina receives an impression with equal facil: 
fi'om each of the difterent rays, the yellow light actin: 
(piickly upon it as the red or the blue. Vision is there- 
fore performed iudependently of time, the eye catching 
all the colors of the spectrum with erpial facility and 
with equal speed. But it is not so with these photo- 
genic preparations. In the action of light upon them, 
time enters as an element; the blue ray may have effect- 
ed its full change, while the red is yet niily beginning 
slowly to act : and the red may have completed its 
change before the yellow has made any sensible impres- 
sion. On these principles, it is plain that an achromatic 
object-glass is by no means essential for the production 
of fine photographs; for if the plate be withdrawn at a 
certain peiiod, when the rays that have a maximum 
energy have just completed their action, those that are 
more dispersed but of slower effect will not have had 
time to leave any stain. We work, in fact, with a tem- 
porary monochromatic light. 

Upon these pnnciples I constructed the camera I am 
in tlie habit of using, with a double couvex non-achro- 
matic lens. Some of the finest proofs were procured 
with a conunon spectacle lens, of fourteen inches focus, 
arranged at the end of a cigar-box as a camera; a lens 
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if this diameter answers very well for plates four inches 
ly three, reproducjug the objects with the most admi- 
ble finish, copper-plate engiavings being represented in 
the minutest particulars, and the marks of the tool be- 
coming tjuite distinct under a magnifier. 

In this instance, it is true, owing to the magnitude of 
le focal length compared with the aperture, but little 
liflBculty ensues from chromatic aben-ation ; but when 
itb the same focal length the aperture is increased to 
ree or four inches, the dispersion Vjecomes very sen- 
pble, and yet good proofs can be procured by working 
the method here indicated, the chief difficulty then 
!Ug from spherical aberration. 
It has all-eady been stated that the ray of maximum 
action for the daguerreotype, when colorless French 
plate-glass is used, lies probably within the indigo space: 
it therefore follows that the length of the camera should 
diminished, after arranging it to the luminous focus, 
i importance of this has been pointed out in a paper 
ly Mr. Towson ; I was, however, in the habit of using 
lat atljuatraent before reading the suggestions contain- 
in his communication. The amount of shortening to 
given to the camera, where the lens is fifteen inches 
;U9, does not commonly exceed three tenths of an inch. 
f the luminous focus Ije used, the proof conies out indis- 
tinctly. 

In the subsequent process of mercurializing, it is of lit- 
! importance what the angular position may be, Sev- 
'al experimenters were for a time under the idea that 
angle of 45° or 48° is a necessary inclination, in order 
lat the plate should take the vapor; this arose from a 
lisiaterpi-etation of the printed account Plates mercu- 
ialize equally well in a horizontal as in any other posi- 
perhaps a slight inclination may be of advantage, 
I allowing the vapor to flow with uniformity over the 
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iodized surface, but tbe chief uae of an angle of 45" is to 
allow the operator to inspect the process through the 
glass of the mercury-bos. 

Sometimes it is advantageous to heat the mercury a 
second time, when the proof is not distinctly evolved at 
first. Indeed, it occasionally happens that a pi'oof whiclL. 
did not evolve at all at first will come out quite fail 
on raising the temperature of the mercury again, 

M. Daguerre recommends two methods of removing 
the sensitive coating from tbe plate — by washes of hypo- 
sulphite of soda, and by a solution of conuuon salt. The 
furnier answers perfectly, the second only indifferently 
Well. There is, however, another jjrocess, which is very 
simple, and has an advantage over the former of these in 
cheapness. It adds not a little to the magic of the whole 
operation, in the eyes of those who are unaccustomed to 
chemical results. The plate, having been dipped iol 
cold water, is placed into a solution of common salt, 
moderate strength ; it reniaius without beiug acted U] 
at all ; but if it be now touched on one corner with,', 
piece of zinc, which has been scraped bright, the yelh 
coat of iodide moves off like a wave and disappears, 
is a very pretty process. The ziuc and silver forming 
together a voltaic couple, with the salt water intervening, 
oxidation of the zinc takes place, and the silver surface 
commences to evolve hydrogen gas; while this is in a nas- 
cent condition it decomposes the film of iodide of silver, 
giving rise to the production of hydi'iodic acid, which is 
veiy soluble in water, and hence instantly removed. 

This process, therefore, differs from that with hyposul- 
phite. The latter acts by dissolving the iodide of silvi 
the former by decomposing it. It is necessary not 
leave the zinc in contact too long, or it deposits stai 
and in large plates the contact should be made at 
four eornej*8 successively, to avoid this accident. 
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After tlie proof is washed, all tlie defects in the prep- 
■ation of the plate become appiiretit. If a film of mer- 
'tiavy has existed on it, due to its not having been burned 
IftutHciently long, there will be found a want of distinct- 
ness in the shadows; or if the plate has not been burn- 
l at all, perhaps the former impressions will reappear, 
his accident frequently happened in my earlier trials, 
pphen caro had not been taken to give a due exposure 
lach time to the sjiirit-flame. Spectral appearances of 
bimer objects, on different parts of it, emerged — an in- 

I terior with Paul Pry coming out, when the camera had 
been pointed at a church. 

There is no difficulty in procuring impressions of 
-the moon by the daguerreotype beyond that ai-ising 
■Irom her motion. By the aid of a lens and a heliostat, 

II caused the moonbeams to converge on a plate, the lens 
being three inches in diameter. In half an hour a very 
strong impression was obtained. With another arrange- 
ment of lenses I obtained a stain nearly an inch in diam- 
eter, and of the general figure of the moon, in which the 
places of the dark spots might be indistinctly traced. 

An iodized plate, being exposed for fifteen seconds 
only close to the flame of a gas-light, was very distinctly 
Btained ; in one minute there was a very strong impres- 
sion. 

On receiving the image of a gas-light, eight feet dis- 
tant, in the camera, for half an hour, a good representa- 
tion was obtained. 

The flame of a gas-lamp was an'anged within a magic- 
lantera. and a portion of the image of a grotesque on 
one of the slides received on a plate; a very good repre- 
sentation was procured, 

With Drummond's light, and the rays from a lime-pea 
in the osy-hydiogen blowjiipe, the same results were ob- 
tained. 
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Note on Lunak Photoobapht, — To the forgoing 
paragraph respecting photographs of the mooo^ I may 
hei*e add an extract fi'om a publication by my son, 
Dr. Henry Draper, in the SmiUiMnian Otmtribtitions to 
KnowUdgey No. 180, p. 33, entitled, " On the Construction 
of a Silvei*ed Glass Telescope, and its Use in Celestial 
Photography :" 

^'The first photographic repi*esentations of the moon 
ever made were taken by my father, Professor John W. 
Draper, and a notice of them published in his quarto 
work ^ On the Foi*ces that Oi'ganize Plants,' and also in 
the September number (1840) of the Landoti^ JSdin- 
burghy and Dublin Philosophical Magazine. He pre- 
sented the specimens to the New York Lyceum of Nat- 
ural History. The Secretaiy of that association has 
sent me the following exti*act from their minutes : 

^^^ March 23d, 1840. Dr. Draper announced that he 
had succeeded in getting a representation of the moon's 
surface by the daguerreotype. . . . The time occupied was 
twenty minutes, and the size of the figure about one inch 
in diameter. Daguerre had attempted the same thing, 
but did not succeed. This is the first time that any- 
thing like a distinct representation of the moon's suiface 
has been obtained. — Robert H. Brownne, Secretary.^ ^ 
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MEMOIR XV. 

THE TAKING OF PORTRAITS FHOM LIFE BY PHO- 
TOGRAPHY. 

From the PliUosopblcal Mngaiine, September, 1S40. 

Sdhtkiets: — Hutory o/t/n invftUitai. — First attempti 6y whitening the 
/ace. — C»e o/ re^ecliiii/ mirrorg, — Ute o/a blue<olored trough. — Kind 
a/ famera neeteiart/. — TUe Stat or tupjmrt. — The background. — Ap- 
propriate dresses, — Ladies' dresses, — Arrangement of l/te shadow. — 

' Refecting camera. 

Historical Note. — This Memoii" contains the first 
Ppublished descnptiuii of the process for taking daguer- 
reotype portraits. Of late, since the iutroductiou of col- 
lodion, this ait has beeu much cultivated and improved. 
It now forma an important branch of industrial occupa- 
That it was possible by photogenic processes, such 
I the dagueiTeotype, to obtain likeueases from the life, 
praa first announced by the author of this volume in a 
ttte to the editors of the J^hi/osoph'cal Magazine, dated 
llarch 31, 18-tO, as may be seen in that journal for June, 
!l840, p. o.'Jo. The first portraits to which allusfon is made 
E'ilu the following Memoir were produced in IS-t!), almost 
[Umediately after Daguerre's discovery was known in 
America. 
In the £ilinhurtj}L Rev-lew for January, 1843, there is 
important article on Photography. In that the in- 
■■yentiou of the art of taking photographic jwi-traits is 
rttributed to its true source— the author of this book. 
It says: "Ue was the first, we believe, who, under the 
■brilliant summer sun of New York, took portraits by 
'he daguen'eotype. This branch of photography seems 
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not to liave been regarded as a possible application cfl 
Daguerre's invention, and no notice is taken of it in tM 
reports made to the legislative bodies of France. Wm 
have been told that Daguerre hitd not at that perioa 
taken any portraits; and when we consider the perioS 
of time — twenty or twenty-five minutes — which wM 
then deemed necessary to get a daguerreotype landscapfl 
we do not wonder at the observation of a Fi'ench nuthofl 
who describes the taking of portraits as ' Toujours » 
t£irain un pea fahuleux pour le Dagtierreotype.^ " M 

Very soon after M. Daguerre's remarkable process fifl 
photogenic drawing was known in America, I made M 
tempts to accomplish its application to the taking el 
portraits from the life. M. Arago had already stated 9 
his additiss to the Chamber of Deputies that M. Hm 
guerre expected by a slight advance to meet with sua 
cess, but as yet no account had reached us of that objeJ 
being attained. I 

In the first e.vperiments I made for obtaining portvaiti 
from the life, the face of the sitter was dusted with ■ 
white powder, under an idea that otherwise no impi'efl 
siou could be obtained. A very few trials showed tM 
eiTor of this; for even when the sun was only dimn 
shining thei-e was no difficulty in delineating the fen 
11 res. I 

When the sun, the sitter, and the camera are situatelj 
in the same vertical plane, if a double convex non-achro- 
matic lens, four inches in diameter and fourteen in focus, 
be employed, perfect miniatures can be obtained in Ote 
open air, in a period varying with the character of the 
light, from twenty to ninety seconds. The dress is admi- 
rably given, even if it should be black; the slight differ- 
ences of illumination are sufficient to characterize it, as 
well as to show each button, buttou-hole, and every fold* 



Iti* m 



» XV.] TAKING OF I'OKTRAITS BY I'lIOTOGRAPllY. 



Partly i 



the 



I 



,' owing 
not be endured witln 



7 of such lifrht. whicli 



intensity c 

it a distortion of the features, but 
chiefly owing to tlie circumstance that tbe rays descend 
at too great an angle, such pictures have the disadvan- 
'tage of not exhibiting the eyes with distinctness, tbe 
ifihadow from tbe eyebrows and forebead encroaching on 
tbera. 

To procure fine proofs, the best position is to have the 
line joining the head of the sitter and the camera so ar- 
mnged as to make an angle M'ith the incident rays of less 
than ten degrees, so that all tbe space beneath the eye- 

I brows shall be illuminated, and a slight shadow cast from 
the nose. This involves obviously tbe use of reflecting 
mirroi-s to direct the ray. A single mirror would answer, 
and would economize time, but in practice it \s often con- 
venient to employ two; one placed, with a suitable mech- 
anism, to direct the rays in vertical lines; and tbe second 
aliove it, to direct them in an invariable course towards 
the sitter 

On a bright day, and with a sensitive plate, portraits , 

in be obtained in tbe course of five or seven minutes, in 

e diffused daylight. Tbe advantages, however, which 

light be supposed to accrue from the features being 

loj-e composed, and of a more natural aspect, are more 

an counterbalanced by tbe difficulty of retaining them 

long in one constant mode of expression. 

But in tbe reflected sunshine tbe eye cannot support 

le effulgence of the rays. It is therefore absolutely 

lessary to pass them through some blue medium, which 

all abstract from thera their heat, and take away their 

Tensive brilliancy, I have nsed for this purpose blue 

'loss, and also ammonia-sulphate of copper, contained in 

large trough of plate glass, tbe interstice being about 

inch thick, and the fluid diluted to such a point as to 

luit the eye to bear the light, and yet to intercept 
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no more than was necessary. It is not requisite, wb 
colored glass is employed, to make use of & large * 
face ; for if the camera operatiou be carried on until tq 
proof almost solarizes, no traces can be seen in the ] 
trait of its edges and boundaries; but if the process I 
stopped at an earlier interval, there will commonly ? 
found a stain, coirespondiug to the figure of the glass. I 

The camera I have used, though much better oM 
might be constructed, lias for its objective two doufaE 
convex lenses, the united focus of which for parallel i 
is only eight iuehes; they are four inches in diameter j 
the cleai-, and are mounted iu a tube, in front of whict 
the aperture is narrowed down to H^ inches, after the 
manner of Daguerre's. 

The chair iu which the sitter is placed has a staff fl 
its back, terminating in au iron ring, which supports tfai 
head, so arranged as to have motion in diiections to stii^ 
any stature and any attitude. By simply resting the 
back or side of the head against this ring, it may be kept 
sufficiently still to allow the miuutest marks on the fug 
to be copied. The hands should never rest upon < 
chest, for the motion of respiiatiun disturbs them i 
much as to make them of a thick and clumsy appear- 
ance, destroying also the representation of the veins on 
the back, which, if they are held motionless, are copied 
with surprising beauty. 

It has already been stated that certain pictoi-ial advan- 
tages attend an arrangement in which the light is thrown 
upon the face at a small angle. This also allows us to 
get lid entirely of the shadow on the background, or tt 
compose it more gracefully iu the ])icture; for this i 
well that the chair should be lu'ought forward from t 
backgi'ound from three to sis feet. 

Those who undertake daguerreotype portraitures y 
of course armnge the backgrounds of their pictures ( 
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coriUng to their own tastes. When one that is quite 
HDlfomi is desired, a blanket, or a cloth of a drab color, 
properly suspended, will be found to answer veiy well. 
Attention must be paid to the tint: white, leSecting too 
much light, would solarize upon the proof before tlie face 
liad had time to come out, and owing to its reflecting all 
the diffitfi'ent rays, a blur or iri'adiation would appear on 
all edgtt8,due to chromatic aberration. It will be I'eadily 
undei-stood, that if it be desiied to introduce a vase, an 
um, or other ornament, it must not be arianged against 
the background, but brought forward until it appears 
perfectly distiuct on the ground-glass of the camera. 

Different parts of the dress, for the same reason, re- 
quire intervals differing considerably, to be fairly copied 
— the white parts of a costume passing on to solaiization 
before the yellow or black parts have made any decisive 
representation. We have therefore to make use of tem- 
porary expedients. A person dressed in a black coat 
and open waistcoat of the same color must put on a tem- 
porary front of a drab or flesh color, or by the time that 
his face and the fine shadows of hia woollen clothing are 
evolved, bis shirt will be solarized, and be blue or even 
lilack, with a white halo around it. Where, however, 
the white parts of the dress do not expose much surface, 
or expose it obliquely, these precautions are not essential; 
the white shirt collar will scarcely solarize until the face 
is passing into the same condition. 

, Precautions of the same kind are necessaiy in ladies' 
idresses, which should not be selected of tints contrasting 
kstrongly. 

\ It will now be readily undei-atood that the whole art 
[of taking daguerreotype miniatui-es, consists iu directing 
, su almost horizontal beam of light, through a blueeol- 
ored oiediiini, upon the face of the sitter, who is re- 
itaiued in an unconstrained posture, by an appropriate 



220 TAKING OF PORTRAITS BY PHOTOGRAI'UY. [Mm 

but simple mechanism, at such a distance from the bacl 
ground, or so arranged with respect to the camera, t 
his shadow shall not Vte copied as a part of his botlja 
the aperture of the camera should be three and a half d 
four inches at le^st, indeed the larger the better, if tll| 
objective be aplanatic. 

If two mirrors be made use of, the time actually occu- 
pied by the camera operation varies from forty seconds to 
two minutes, according to the intensity of the light. !£■ 
only one mirror is employed, the time is about one fourtH 
shorter. In the direct sunshine, and out in the open Un 
the time varies upwards from half a minute. fl 

Looking-glasses which are used to direct tlie soI^| 
rays after a short time undergo a eeiious deterioratioaB 
the silvering assuming a dull granular aspect, and Iosil^| 
its black brilliancy. Hence the time, in copying, becom^| 
gradually prolonged. H 

The arrangement of the camera above indicated gi?^! 
revei'sed pictures, the right and left sides changing placflfl 
Mr. Woolcott, an ingenious mechanician of this city, h^H 
taken out a patent for the use of an elliptical mirror f<H 
portraiture; it is about seven inches in aperture, anfl 
allows him to work conveniently with plates two inchcfl 
square. The concave mirror possesses this capital adva^B 
tage over the convex lens, thai Hie pi-oof it* ijiven in ^fl 
right position, that is to say, not rei^ei-sed; but it has thd 
seiious inconveniences of limiting the size of the plaUfl 
and representing parts that are at all distant from tljB 
centre in a very confused manner. With the lens, plat^| 
might be worked a foot square, or even larger. ^| 

Miniatures procured in the manner here laid down afifl 
in most cases striking likenesses, though not in all. Then 
give, of course, all the individual peculiarities — a naole,^ 
freckle, a wart. Owing to the circumstance that yello^fl 
and yellowish browns are long before they impress thfl 
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substance of the daguerreotype, persons whose faces are 
freckled all over give rise to the most ludicrous results, a 
white portrait mottled with just as many black dots as 
the sitter had yellow ones. The eye appears beautifully: 
the iris with sharpness, and the white dot of light upon 
it with such strength and so much of reality and life as 
to surprise those who have never before seen it. Many 
are persuaded that the pencil of the painter has been 
secretly employed to give this finishing touch. 

Universitt of New York, September, 1840. 
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MEMOIR XVL 

ON THE CHEMICAL CONDITION OF A DAOrERREOTTPB 
SURFACE. 

From the PhilosophicHl Mugxzine. September, 1811. 

CoNTENTB ; — MercuT'j triiU all oner a dagtierrtotype turfaet. — Tlun fl 
no lufierpoiition of Ike partt. — The shadows have metaUie n 
the liffhli silver amalgam, — No iodine is ever ei'olved from the pla 
— Action of a solution of gum and one of gtlntine in learinff off &, 
JilmJi. — The ilarch experiment, — The eleking of dagaerreolypes. 

As many of the results to be given in the next Mei 
oir depend on the use of daguerreotype talilets, I sh< 
in this examine the chemical and physical condition 
those surfaces and offer proof of the following facts : 

1st. That metallic meicury e.\ista all over the suiface 
of an ordinary daguerreotype — in the shadows as well 
as in the lights — in the shadows as metallic mercury, 
in the lights as silver amalgam. 

5d. That in an iodized daguerreotype as taken fr 
the mercury-bath there is no order of superposition 
the parts, that is to say, the iodide is neither upon 
heneaih the mercury, but both are, as it were, in the sai 
plane. 

Sd. That when a ray of light falls upon the surface of 
this preparation, through all the intervening steps, and 
up to the point of maximum action, no iodine is evoWed 
fi-om the plate, but that in the common daguerreotype 
the light communicates a tendency to the atoms of the 
iodide to yield up to the mercurial vapor their silver, 
while the iodine retires and combines with the unaf- 
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fected silver beneath. It follows that wLeti sucL a plate 
u witlidrawn from the merciinal vapor, there ia all over 
it a unifonn tihrt of iodiile of silver of the very same 
tbickuess its at first, and that this has happened through 
I direct con-osio/i of the silver by the iudiue, while it 
i undergoing the mercurial operation. 



I pass at once to the proofs of tliese several propo 
litions, and, Ist, That metallic ineixuiij ervds all over l/ie 
turface of an ordiiiary daguerreotype, in the s/iadnws as 
Veil as in tJie Uglits — in the shad/tws it is as metallic mer- 
vun/, in the liijhts an silver amahjam. 

I took a plated copper three inches by four in surface, 
and having prepared it with care, I exposed half of it to 
lie iliffuaed light of the day, screening the other half; it 
Kras then mercurialized at 17(1^ Fahr., the iodide removed 
by hyposulphite of soda, and washed. And now, a plate 
on which a gold-leaf was spread was placed over it, but 
Separated, as shown in Fig. 34, in ^ 

the points a, h, c, by three slips of '•' ^ " 'H 'TT 

glass. By means of a spirit-lamp "^^'^ 

the photographic plate d e was heated, and the gilded 
Dlate ff i: kept cool by occasiouftlly wetting it. On part- 
ing the plates, it was perceived that faint but distinct 
traces of whitening were visible all over the gold, as well 
on that part which was over the whitened half of the 
photograph as over that which was unchanged. 

But as it might happen that the mercury diffused 
jtself laterally past the imperfect obstacle l>, I made the 
following decisive trials: 

I iodized three silver plates, A, B, C, each three inches 
by four in surface, conducting the processes for each in the 

Tie way ; and having exjwsed each for two minutes to a 
Taint daylight, I laid them aside in the dark, to be pres- 
ently used as test-plates in lieu of the gilded plate (y k). 
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Then I took tliree other plates, D, E, F, of the i 
size, ami couductJiig tlie preparatoTy pi'ocesses for eaol 
as before, I iodized D in the dark, and mercurialized ia 
forthwith at 17o° Fahr., takiug the utmost care that noj 
a ray of light should be suffei-ed to itnpiuge upon it 

E was iodized and exposed for two niimites to d3 
fuaed daylight, and then mercunalized at 170° Fahr. 

F was iodized aud exposed to the sun until it began 
to turn brown, an effect occiimng almost at ouws. 
was then inercunalized at 170° Fnhr. 

All these plates then had their sensitive coating i 
moved by hyposulphite, and were thoroughly washed i 
distilled water and dried, 

I had, therefore, three plates, representing accuratel 
the conditions proposed to be investigated. D was i 
the condition of the must perfect shadows; E in that c 
the highest lights, aud F solarized. In appearance, 1 
was black, E was white, and F bluish-gray. 

Upon D, E, F, I placed A, B, C, respectively, sepan 
ing each pair of plates one sixteenth of an inch, or there- 
abouts, by slips of glass. Then I laid tliem on the level 
surface of the sand-bath, the test-plates being kept cool 
by sponging occasionally with water. Temperature i 
the sand, 200° Fahr. ; duration of the experiment, flft« 
miuutes. 

On examination, A, B, C, were all found powerful!; 
mercurialized, nor did there seem to be any differenq 
between them. 

I consider, therefore, that the shadows, the demi-tinll 
the lights, aud the solarized portions of a dagneiTeotyp 
are covered with mercury ; for at a temperature of 20( 
Fahr. they all evolve it alike, a sufficiency of vapor risiiB 
from the pai-ts that have not been exposed to the liri 
to bring a plate that has been so exposed to its ina. 
iinuni of whiteness. 
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In Memoir XIV. I described a remarkaWe effect whicli 
: bad noticed in these iuvestigations, that it' an object 
inch as a wafer be laid upon a piece of cold glass or 
letal, and you breathe once on it, and aa soon as the 
hoisture has disappeared remove the object and Vireathe 
gain on the glass, a spectral image of the wafer will 
nake its appearance. The impression thus coinronni- 
»ted to the surface, under certain conditions, remains 
" tbere a long time. During the cold weather last winter 
I produced such an image on the mirror of my heliostnt; 
it could be revived by brejithiug on the metal many 

Iireeks afterwards, nor did it finally disappear uutil the 
md of several months. 
I I do not at present know what is the explanation of 
biis result, but the analogy between it and the arrange- 
■iBnt of mercurial globules covering the surface of a <la- 
glitrreotype is too striking to be overlooked. It proves 
that surfaces may assume such a condition as to affect 
the deposition of vapors upon them, so as to produce 
the reproduction of appearances of external forma. I 
gave, therefore, particular attention to this point, but 
Lpventually found that silver exists in an ordinary da- 
^fcuerreotype, in connection with the mercury all over the 
^^Nate, in a less proportion in the shadows, and in a 
Hereater proportion in the lights. This result was, how- 
Hftver, only obtained after the following fact was discov- 
^nred — that the mucilage of gum-arabic, when slowly 
^HiHed in a tliin layer on the surface of a dagueiTeoty]K', 
^■jplits np in shivers, bringing along with it the %vhite 
^Bortions of the picture, and leaving the plate clean. 
^B Having therefore prepared three plates, I), E, F, ex- 
^■Ktly as befftre, I poured on them a solution of gum, 
^Eornined them so as to leave only a small quantity, and 
Hprt them dry slowly over the sand-bath. The gum sepa- 
^kated readily, and lay in chips on the surface of each 
■ 
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plate; it was easily removed to three sheets of paper, ' 
tajipiug with the finger on the hack of the plate. Koch 
was then treated alike as follows: 

The gummy matter was iueinerated on a platinum 
leaf, and the remaining ashes transferred to a test-tiil>e 
half an inch in diameter. One drop of nitric acid and 
one drop of water were added; it was boiled over a 
small flame, and diluted with a little water. Dilute by- 
drochloiic acid was now added, and the chloride of silver 
immediately fell. In repeating this, it is necessary tfl 
attend to the state of dilution of the acid, for if too 
strong it wholly dissolves the minute quantity of chlo- 
ride of silver generated. 

As, from the minuteness of that quantity, it was 
impossible to obtain a direct quantitative analysis, i 
adopted the foregoing method, and added the dilute 
acid to all thi-ee tubes at the same time. lu D theru 
was a faint opalescenee, iu E and F u cloud; but I 
could not always determine whether the deposit uf E 
or F was most copious, sometimes the one and some- 
times the other appearing to have a clight advantage. 

I conclude, therefore, that while the whole surface of 
the plate is coated with mercury, it e.\ists as silver amal- 
gam chiefly in the lights, and as uncombined niercui-y 
chiefly in the shadows, and in a mixed proportion in t 
demi-tiuts; and that when a plate is solarized, both f 
mercuiy and amalgam are present. 

Such ia the state ofsui'fiice In a daguerreotype, T-tw 
formed. In tlie course of time, however, a great pord 
of the mercury that is in the shadows, and also freJ 
the lights, eva|K)rates away. When the picture ha 
changed, the shadows are metallic ftilvtJ-, aod the 11^ 
silver amalgam. 

2d. That in an i'nIizHi Uilwi ^ 

Uie utercury-lMU/i, thci-c i tun t 
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fcorte, Ouit is to say, the iodide is neither upon nor beneath 
me tttercurt/, but both are, aa it were, in the mnie plane. 
I Syon after I had ascurttiiued tbt; action of gum-arabic, 
some of it waa applied to the surface of a plate on which 
an impressiou had just been formed in the mercui-y-bath. 
"'his was without removing the coat of iodine. On dry- 
it, the gum chipped up, as was expected, bringing 
iway with it all the tights of the picture, and leaviug 
iform coat of yellow iodide of silver beneath. It 
ms, therefore, that the film of iodide coheres more 
igly to the metal plate than the amalgam ; and, fur- 
ler, fi-om this result we should judge that the amalgam 
on the sftrfaee of the iodide. 

But this is not true; for on three different occasions 
found that when Russian isinglass was employed in- 
itead of gum for the pui-poses presently to be related, 
the isinglass, from its stronger cohesive power, chipped 
off iu the act of drying, tearing up the yellow film fi-om 
end to end of the plate, and leaving the amalgam con- 
stituting the lights undisturbed. It is here to l>e under- 
stood that this action takes place without the smallest 
disturbance of the lights and demi-tints, the plate remain- 
ig in all the beauty and biilliancy and perfection that 
would have had if it had been carefully washed iu 
liyposulphite of soda. 

This is a result, however, which cannot be produced 
with uniformity. Most coiumonly the lights are torn 
up with the iodide. Had it occurred but once, I should 
still have cited it with decision, for from the very char- 
JUter of it, it is impossible to be mistaken or to commit 
k eiTor of judgment. It proves that the film of iodide 
bay be mecliauically torn nj' fi'om the metallic surface 
■0 perfectly as it can be ditimlved off by chemical agents 
»-a singular fact. 
m This result, therefore, proving that we can tear off 
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the film of iodiile and leave tlie aniala;am, can only 1; 
ordinated with that by gum-water, in wliich the amalgam 
13 removed and the iodide left, by supposing that there 
is not anything like a direct snperposition in the case, 
and that the particles of amalgam and iodide lie, as it 
were, side hy side. 

3d. TJuit when a ray of light falls iijioii the surfc 
of this, etc. 

There is no difficulty in proving this directly, and tl 
indirect evidence is copious. If we lay a piece of paper 
imbued with starch on an iodized plate, and expose it 
to the sun, although the plate presently assumes a di 
olive-green color, the starch remains uneolored, 

This dark substance is probalily a subiodide of sil' 
the iodine therefore which has been disengaged fi-om, 
not having been set free, must have necessarily nnf 
with the adjacent metallic silver — this, for very obvii 
I'easons, there is no difficulty in admitting. 

Now, therefore, when a photogenic impression exisl 
nn the surtiice of a plate in an invisible state is brought 
out by the action of mercury vapor, we easily understand 
how this is effected. No iodine is ever evolved. Bi 
each atom of iodide of silver that has been acted oo 
the light yields to the atti-action of the mercury its tA 
of silver, and the iodine thus set free unites with the 
tallie silver particles around it, reproducing the 
yellow iodide l)y a direct corrosion of the plate 
piTKifrt that WW have of this are two in number; 

1st Dry some mucilage nf gum-arabic on a dagueri-e- 
otype just brought from the mercury-bath ; when it has 
split up, we perceive that the white am.ilgam of silver 
is removed, and a uniform coat of yellow iodide of sil- 
ver, of the very same thickness as at first, as is 
by its color, is left. 

3d. Dry upon the same plate a solution of Rui 
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jlftss, flnJ when it has split up, it will lie seen that 
1 uiiifonuly reiiJs off with it the yellow iodiJe, leaving 
fehe metallic plate with an exquisite poUuli ; and wher- 
fever the light has toueheil, there it in corrotkd. 

These two facta, taken together, prove that in niercii- 
Ixializiiig a plate no iodine is evolved, but that a new film 
[of iodide of the same thickness is formed, at the expense 
I of the metallic surface. 

From these facts we readily gather that on the pres- 
lence of the metallic silver the seusitiveuess of this prep- 
aration mainly depends, for to the tendency which the 
^ight has impressed on the elements of the iodide to se{>- 
wate is added the strong attraction of metallic silver for 
nascent iodine. 

This corrosion or hitiug in of the silver plates, by the 

ionjoint action of the mercury and iodine, gives rise to 

etchings that have an inexpressible charm. Could any 

[ plan be hit upon of forcing the iodine to continue its ac- 

' tiou, the problem of producing en-gramd daguerreotypes 

would be solved. By another process, which will be 

described hereafter, I have succeeded in producing deejt 

etchings from daguerreotypes. 

iliBIIY oy Nbw YuhK. Stplembtr, 1H4I. 
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MEMOIR XVII. 
ON SOME ANALOGFES BETWEEN THE PILENOMETfA OF : 
CHEMICAL RAT9 AND THOSE OF KADIANT HEAT. 
From ihe PhiloMtphical MHgazine, September, IS4L 

Contbntb: — The theraieal rays art ahor/ttd. — Pkoloprapkie tfectMd 
trantiml. — The chemical myt are not conducted; Iheff beeomt I 
— Optical qualities control chemical action. — The active rayt at 
aorhtd attd the coniptemetitari/ rcjiected. — Relation of optital eotutiA 
und chemical a^mtien. 

It is the olyect of this Memoir to establish some strik- 
ing analogies existing between the phenomeua of tti^ 
chemical rays and those of radiant heat 

Without saying anything respecting the laws of i 
flection, refi'action, polarization, and inteifei-ence, to whicff 
tlie chemical rays are siilyect, the study of which I 
nienced more than five years ago on paper rendered sen- 
sitive by bromide of silver, further than that a geneil 
similitude holds in all these cases between the rays i 
heat and the chemical rays, I shall at present confine i 
observations to establishing the following pinpositionsl 

Ist. That the chemical action pi-odticed by the rays i 
liglit depends iipon the ahmrptivn nf those rays by sen! 
sitive bodies; just a** an increase of temperature is pro- 
duced by the absorption of those of heat. 

3d. That as a body warmed by the rays of the i 
gradually loses its heat by radiation, or co^duction,^ 
contact with other bodies, so likewise, by some unknoid 
process, photographic effects produced on sensitive ( 
faces are only transient, and gradually disappear. 
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3(1. That, as when rays of beat fall on a muss of cold 
ice its temjieratiiT-e rises degree by degree until it readies 
^9° Fahr. and there stops until a certain molecular 
change (liquefaction) is accomidished, and after that 
nses again, so also the chemical rays impress certain 
changes proportional to their quantity, up to a certain 
point, and there a pause ensues — a very large amount of 
light being now I'endered latent or absorbed, without 
*ny indication thereof being given by the sensitive prep- 
wation (as the he-at of fluidity is latent to the thermom- 
ter); a molecular change then setting in, the incre- 
lents of the quantity of light are again indicated Viy 
changes in the sensitive preparation, 

4th. That it depends on the chemical nature of tht^ 
ponderable material what rays shall be absorbed. 

5th. That while the fipeeifu' ra;/8 thus absorbed de- 
pend upon the chemical nature of the body, the a/isolutf 
\amount is regulated by its optical qualities, such as de- 
pend on the condition of its surfiaces and interior ar- 
rangement, 

tJth. It will be proved from this that the sensitive- 
ness of any given substance depends on its chemical 
nature and optical qualities conjointly, and that it is 
possible to e.\alt or diminish the sensitiveness of any 
chemical comjwund by changing the character of its op- 
tical relations. 

7th. That, as when radiant heat falls on the surface of 
an opaque >)ody, the number of rays reflected is the com- 
plement of those that are absorbed, so in the case of 
a sensitive preparation, the number of rays reflected 
from the surface is the complement of those that are 
absorbed. 

I now commence with the proofs of the propositions 
of this Memoir. 

1st. T7tat t/ti chemical action produced hy the rayn 
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of light deptuds wpun th-e ahw7ft!on of those fays i 
sensitive bodies, etc. 

I iodized a plate to a golden yellow color, and exposec 
it to the diffused liglit of dfiy, setting it in such i 
sition that it reflected speiiulaily tlie liglit tailing upoQil 
it from the window to the olijective of the eamera-ubscd! 
ra, which formed an image upon a second sensitive plate 
The rays falling upon the sensitive plate of course < 
erted their usual influence upon the iodide, which, aftej 
the lapse of a short time, began to tui'n brown, 
soon as this effect was observed, I closed the aperture t 
the camera, and, takiug out its plate, mercurialized it; 
but it was found that the rays reflected from the sensi- 
tive plate, although they had been converged by a leii8_ 
four inches in diameter, and formed a very bright iraagfli 
had lost the quality of changing the iodide of silver. 

We see, therefoie, that a ray of light which has ini 
pinged on the surface of yellow iodide of silver has loi 
the power of causing any further change on a second 
similar plate on which it may fall. 

lu the practice of photography this observation is < 
much importance, especially when lenses having largi 
apertures are used; the rays converging upon the senM 
tive plate are reflected by it in all directions, and tb 
camera is full of light; its sides reflect back again in ( 
directions on the surface of the plate these rays, which^ 
if they were eftectivu, must stain the plate in the sha) 
owa But if the plate has been iodized to the prop 
tint, this light is wholly without action, and hence thq 
proof comes out neat and clean. 

Upon an iodized plate I received a solar spectral^ 
formed by a flint-glass prism, the ray being kept motiooj 
less by reflection from a helioatat, and the plate so ail 
ranged as to receive the refracted i-aj's perpeudiculai-lj! 
After Eve minutes it was mercurialized, and the resulti 



Kkxoib SVII.] chemical hays AKU HADIANT UEAT. 233 

proof exhibited thu place of tlie moie refrapgilile colors 
in the most brillinnt Lues. Tbe less refrangible colora 
hail ali^o lt;ft their impress of a whitish aspect, but the 
region of the yellow was unaltered. All the different 
rays, therefore, except the yellow, have the power of 
chauging this jmrticular preparation. Now when sev- 
eral pieces of cloth of diffei'ent coloi-s are placed ia the 
sunbeam, they absorb heat in proportion as their color 
is deeper. A blacl^ cloth, which does not reflect any of 
those culoiific rays, becomes presently hot ; and in the 
same way Daguerre's sensitive preparation absorbs all 
the rays having any chemical action on it, and leflects 
the yellow only, which dues not affect it. In this par- 
ticular lies the secret of its sensitiveness, compared with 
tbe common preparations of the chloride and bromide 
of silver. 

2d. That as a bodi/ wat-med hi/ ike rntj^ of the sun, etc 
After a beam of light has made its impression on the 
iodide, if the plate be laid aside in the dark before mer- 
curializing, that impi-ession decays away with more or 
leas rapidity ; first the faint lights disappear, then those 
that ai'e stronger. 

Having brought I 
three plates to the 
same condition of 

iodization, and re- 

Beived the image | 

>f a gas -flame in | 

the camera on each 

For thi-ee minutes, I *'*"■ 

mercurialized one. A, forthwith; the second, £, I kept 
AD hour, the third, C, forty-eight hours. The relative ap- 
pearance of these three images is represented in Fig. 35. 
Those who are in the habit of taking daguerreotypes 
low how much they suffer when the process of mercu- 
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liiilizatiou is deferred. To ebow tbia effect in the 
tieme, I took four platea, and having prepared all alike^ 
I exposed balf of the surface of each to a bright sky for 
eight secouds. 
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This last plate, ou being submitted twice more to tl 
vapor of mercury, gave an indistinct mark. On exposing 
a corner of it to the sun it blackened instantly, these re- 
sults showing that the peculiar condition brought on by 
the action of the light gradually disappears, the com- 
pound all the time retaining its sensitiveness. 

Similar results are mentioned by Dagnerre in the cae 
of the changes produced on suifaces of resinous bodii 
and I have noticed them in a variety of other casi 
Now to whatever cause these phenomena are due,wbethi 
to anything analogous to radiation, conducticm, etc., it il 
most active during the first moment after the light hi 
exerted its agency, but it must also take effect even at 
the very time of exposure; and it is for these reasons 
that it comes to pass that when light of a double inten- 
sity is thrown upon a metallic plate the time required 
to produce a given effect is less than one Iialf, 

I could conceive the intensity of a ray so adjusted that 
in falling upon a given sensitive preparation the loss 
from this cause,this castingoff of the active agent,shovild 
exactly balance the primitive effect, and hence no obnerv- 
able change result. Hereafter we shall find that one 
cause of the non-sensitiveness of a numVter of bodies 
to be traced dii-ectly to the circumstance that they yie] 
up these rays as fast as they receive them. 

It needs no other observation than a critical examinjj 
tioo of the sharp lines of a daguerreotype proof with | 
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fnagnU'yiiig glass to show that the iDfluence of the chem- 
ical rays ia not propagated laterally on the yellow iodide 
of silver. Of the maiiifestatious which these rays may 
exhibit, after they have lost their radiant form and be- 
come absorbed, we know but little. If they conform to 
the analogous laws for heat, and if the absorbing action 
of bodies for this agent is invei-sely as their conducting 
power, we perceive at once why a photographic effect 
jroduced on yellow iodide of silver retains the utmost 
ibarpness without any lateral B])reading; the absorbing 
Iwwer is almost perfect, the couduetiug sliould therefore 
se zero. 

3d. That, m when rays of heat fall on a mass of cold 
?f', etc. 
Although in the sun the iodide of silver blackens at 
6nce, this is only the result of a series of preliminary 
operations. 

When we look at a daguerreotype, we are struck with 
;he remarkable gradation of tint, and we naturally infer 
ibat the amount of whitening induced by mercurializa- 
aon is in direct proportion to the amount of incident 
ight; otherwise it would hardly seem that the grada- 
tion of tones could be so perfect. 

But in truth it is not so. When the rays begin to 
ict on it, the iodide commences changing, and is capable 
F being whitened by mercury. Step by step this proc- 
is goes on, an increased whiteness resulting from the 
jrolonged action or incieased brilliancy of the light,until 
k certain point is gained, and now the iodide of silver 
ipparently undergoes no further visilile change ; but an- 
rther point being gained, it begins to assume, when nier- 
uiialized. a pale blue tint, becoming deeper and deeper, 
intil it at last assumes tlie brilliant blue of a watch- 
pring. This incipient blueness goes under the technical 
i of solarization. 
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The successful practice of the art of dagueri' 
theitifuie, depeuds ou Hmitiug the aotioii of the sim-ray 
to the first moments of cbauge in the iodide; for if the 
exposure be continued too long, the high lights become 
stationary, while the shadows increase unduly in white- 
ness, and all this happens long betbi-e solarizatiou sets in. 
Let us examine this important phenomenon moi-e mi- 
nutely. Having carefully cleaned and iodized a silver 
plate, thi'ee inches by four in size, it is to be kept in the 
dark an hour or two. 

By a suitable set of tin-foil screens, rectangular por- 
tions of its surface, half an inch by one eighth, are to 
exposed at a constant distance to the rays of an Ai^aui 
gas-burner (the one I have used is a common twel' 
holed burner), the first portion being exposed fifteen 
ouds, the second thirty seconds, the third forty-five 
oiids, the fourth sixty seconds, etc. 

We have thus a series of 
spaces upon the plate, a, b, 
c, d, Fig. 36, each of which 
has been affected by known 
quantities of light; b being 
aftccted twice as much as a, 
having received a double 
quantity of light; c thria 
as much as a, having 
ceived a trijile quantity 
etc. 

The plate is now exp 
to the vapor of mercury i 
170° Fahr. for ten minutt 
the spaces all come 
° ^ in their proper order, ana 

nothing remains but to remove the iodide. 

An examination of one of these plates thus prepai-e( 
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^liowa* that, commencing with the first space, a, we dis- 
cover a gradual increase of whiteniDg effect until we 
neach the seventh ; that a peifect whiteness is there at- 
tained ; that, passing on to the sixteenth, no increase of" 
whitening is to he perceived, although the quantities of 
light that have been incident and absorbed have been con- 
tinually increasing; but as soon as the light thus latent 
has reached a certain quantity, visible decomposition sets 
in, indicated by a blueness, and the sensitive surface once 
more renders evident the increments of incident light. 

Or, bv presenting a plate covered with a screen to a 
§lty that is clear or nnitbrnily obscured, and with a regu- 
lar motion withdrawing the screen deliberately from one 
end to the other, and then 
suddenly screening the 
whole, it is plain that those 
parts first uncovered M'ill 
have received the greatest 
quantity of light, and the 
others less and less. On 
mercurializing, it will be 
seen that a stain will be 
evolved on the plate, as is 
represented in Fig. 37; 
from a to J the changes 
Iiftve been successive; tVom 
h to c no variation in the 
amount of whitening is per- 
ceptible; at d solarizatiou "*'"' 
18 commencing, which becomes deeper and deeper to the 
end,tf, of the stain. 




Il i* (iBjiostible to rppresem ih««e chnrK*" in ■ lirnwing nhich ii 
ind white j ii will be miil«iii™>d ihnt the chnmcierintip dislinftinn 

the itlxieenih lo th« iwcniieih. for exMmple, dc|«iiili on their 
tfnl, whii:h Boiitiiiaiillj tloei«iif in inienr-iiy. 
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Tbe plate from which the di'awing of Fig. 37 is tftku 
gives from n to ^ ten parts, from A to c seveuteeu parts, 
from d to e twelve parts ; we perceive, therefore, how 
large au a^iiount of light is absorbed, and its eflt?eta ivn- 
dered latent, between the maximum of whiteness being 
gained and solarization setting in. 

ith. Th-at it depends on the chemical Tiature of t 
ponderahle material what rays shall he absorbed. 

I had prepared a umnber of observations in proof o 
this, very much of the same kind as those which havj 
some time ago been published in the Phil. Trans. 1 
Herschel. These refer chiefly to the variable lengths 
the stains impressed by the prismatic solar spectrum ( 
different chemical bodies, and the points of maximum i 
tion noticed in them. For the present I content myselq 
with referring to that Memoir for proofs subs tan tiatiuflj 
this proposition. 

5th. That while the specific rays thns absorbed de- 
pend upon the chemical nature of the body, the absolute 
amount is regulated by its optical qualitikh, 8U<A as 
depend on the condition of its surfitces and interior ar- 
rangement. 

1 took a polished silver plate, and having e.\po3ed it to 
the vapor of iodine, found that it passed through the fol- 
lowing chauges of color: 1st, lemon yellow; 2d, golden 
yellow; 3d, reddish yellow; 4th, blue; 5th, lavender; tith, 
metallic; 7th, yellow; 8th, reddish ; 9th, green, etc, the 
differences of color being produced by the differences of 
thickness in the film of iotlide, and not by any differeiice 
uf chemical composition. 

It is a common remark, originally made by Daguerr 
that of these different tints that marked 2 is the moi 
sensitive, and photogenic draughtsmen generally suppi 
that the others are less efficient from the uii-cumstand 
of the film of iodide being too thick. Some supposi 
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odeed, that tim first yellow alone is sensitive to light 
ft'e shall see in a few moiuents that this is very far 
K>ni being the ease. 

Having brought nine different plates to th^ different 
)d1oi-8 just indicated, 1 received in the ciunera on each 
Ihe image of a unifunn gas-flame, treating all as nearly 
llike as the case permitted. I readily fonud that in 
6Jo. 1 there was a well-marked action, No. 2 still stronger, 
but that the rays had less and less influence down to 
wo, 6, in which they appeared to be almost witliout 
ictiun ; but iu No, 7 they had recovered their oiiginal 
ower, being as energetic as iu No. 2, and from that 
ieelining again. This is shown in Fig. 38. 




Hence we see that the sensitiveness of the iodide of 
silver is by no means constant; that it observes period- 
ical changes depending on the optical qualities of the 
film and not on its chemical composition; and that by 
bringing the iodide into those circumstances that it re- 
flects the blue rays we greatly reduce its sentiitiveness, 
and still more so when we adjust its thickness so as to 
give it a gray metallic aspect. Bnt the moment we go 
beyond this, and restore by an increased thickness its 
onginal color, we restore also Its sensitiveness. Here, 
then, iu this remarkable lesult we again perceive a cor- 
roboration of our first i»roposition. 
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I may, however, observe in passing, tliat altliough I 
deficri hi tig these actions as if tlipre were an actual ab- 
sorption of the rays, and that films on metallic plates ex- 
hibit color3,not through any mechanism like interference, 
but simply because they have the povrer of absorbing 
this or that ray, there is no difficulty in translating th( 
observations into the language of that hypothesis. 'Wh< 
the diffracted fi'inges given by a hair or wire in a coi 
of diverging light are received on these plates, corre-' 
pponding marks are obtained, a dark stripe occupying 
the place of a yellow fringe, and a white that of a blue. 
I found, more than four years ago, that this held in tbi 
case of bromide of silver paper, and have since verified 
in a more exact way with this French preparation. Sin 
ilar phenomena of interference may be exhibited wil 
the chloiide of silver. 

We have it, therefore, in our power to exalt or di 
press the sensitiveness of any compound by changini 
optical character. Until now, it has been supposed thi 
the amount of change taking place in different bod; 
by the action of the rays of light, depends wliolly 
their chemical constitution, and hence comparisons ha' 
been instituted as to the relative sensitiveness of tl 
chlorides, bromideSjOxides, and iodides of silver, etc. Bi 
it seems the liability to change depends also on oth) 
principles which, being liable to variation, the sensitivi 
iiess of a given body varies with them. Thus this vei 
iodide of silver, when in a thin yellow film, is decomposed 
by the feeblest rays of a taper, and even moonlight acta 
with energy; yet simply by altering the thickness of i< 
film it becomes sluggish, blackening evt-n in the sunligl 
tardily, and recovering its sensitiveness again on 
ering its yellow hue. 

We have now no difficulty in understanding how, 
the preparation of oidinary sensitive jmper, great vai' 
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ons ensue, by modifying tte process slightly, and how 
Fen on a sheet whicli is appareutly washed uiiit'ormly 
rer, large blotches appear, which are either inordinately 

isitive or not sensitive at all. If, without altering 
le chemical composition of a film on metallic silver, or 
ren its mode of aggregation, such striking changes re- 
lit by difference of thickness, bow much more may we 
Bpeet that the great changes in molecular condition, 
hicb apparently trivial causes must bring about on sen- 
live ptiper, should elevate or depress its capability of 

iiig acted on by light. If I mistake not, it is upon these 

inciples that an explanation is to be given of the suc- 

isful modes of preparation which Talbot and Hunt have 
escribed, and the action of the mordants of Herschel. 

1 therefore infer — 

6th. That Oie sENsrrivKNEsa of any given preparati/tn 
tpendtf an ifn chemical nature and itji optvml qualities 
ynjointhj, and that it is possible to exalt w diminish the 

mitiveitesa of a givert compound by changing its optical 

'atiojis. 

7th. Tfiat, as when radiant heat fails on the swface of 

I opaque l>ody, the ninnher of rays reflected is tJie comple- 

ent of those that are absorbed, so in the case of a sensitive 
reparation, the numbe?' of chernical rays reflected from 

s mrface is th^ complement of those that are abaoj-bed. 

This important proposition I prove 
I the following way: 1 take a plate, 
I G, Fig. 39, three inches by four, and 
y partially screening its siufaee while 
I the act of iodizing with a piece of 
at glass, 1 produce upon it five trans- 
erse bands, b, c, d, e,f; the fifth,/, 
rhich has been longest exposed, is of 

I>ale lavender color, the fourth a ( 
tight blue, the third a red, the sec- 

Q 



b Metallic 


B Yellow. 


, ■«. 


< Bine. 




Urt-uder, 
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ond a golden yellow, and the fii-st uniodized metal; tie 
object of tins arraugement being to expose at the same 
time and on the same plate a series of films of different 
colors and of different thicknesses, and to examine the 
action of the raj'3 impinging ou thera and the rays re- 
flected by them. 

Having prepared a second plate, B, and iodized it uni- 
foiTuly to a yellow, I deposit it in the camera, and now, 
placing the first plate, A G, so that the rays coming on it 
from the sky through the window shall be specularly 
reflected to the object-glass of the camei-a, and the image 
of A G form upon B, I allow the exposure to continue 
until the yellow of A G is beginning to turn brown; 
then I shut the camera and mercurialize both plates. 

In accordance with what has been said, it will he 
readily understood that of the bauds on A G, the fii*st 
one, which is the bare metal, does not whiten in the mer- 
cury vapor; the second, which is yellow, mercurializes 
powerfully; the third, which is red, is less affected; the 
fourth, which ia bine, still less; and the fifth, which is 
lavender, hardly perceptibly. 

But the changes on B, which have been brought about 
by the I'ays reflected from A G, ai-e precisely the con- 
verse; the band which is the image of h is mercurialized 
poweifidly; that off is untouched and absolutely black, 
d faintly stained, c whitened, and/ mercurialized but lit 
tie less than b. 

It follows from this that a white stripe on B con( 
spends to a black one on A G, and the convei-se ; and f 
the depth of tint of the intermediate stripes those of ij 
one are perfectly complementary to the coiTespondiJ 
ones of the other. 

By the aid of these results we are now able to j 
an account of the variability of sensitiveness in phoj 
genie preparations; the yellow iodide of silver ia exd 
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Kvely aenaitive, because it absorbs all the ctemical rays 
ibat can disturb it, while the lavender is insensitive, be- 
lause it reflects them. Under this point of view, sensi- 

Hrenesa therefore is directly as absorption and inversely 

reflection. 

The superioiity of Daguerre's preparation over com- 

lOn sensitive paper may now be readily understood. It 

Kbiwrbs all the rays that can affect it, but the chlonde 

r silver, spread upon paper, reflects many of the active 

Bfcys. The former, wheu placed in the camera, gives rise 

» no reflections that can be injurious; the latter fills it 

Iritli active light, and stains the proof all over. Hence 

i daguerreotype has a sharpness and mathematical ac- 

nraey about its lines, and a depth in its shadows, which 

is unapproachable by the other. Moreover, the translu- 

ceucy of the white chloride of silver, as well as its high 

reflecting power, permits of particles lying out of the 

lines of light being affected, the light becoming diffused 

' ) the paper. 

1 The fact, therefore, that a given compound remains ud- 
iianged even in the direct rays of the sun is uo proof 
Bat light cannot decompose it; it may reflect or trans- 
pit the active rays as fast as it receives them. It results 

*om this that optical conditious can control and even 
lieck the play of chemical affinities. While thus it ap- 
»ears that there are points of analogy between this chem- 
al agent and radiant heat, we must not too hastily infer 
h&t the laws which regulate the one obtain exclusively 
Iso with the other. As is well known, there are. stiik- 
pg analogies between radiant heat and light, but there 
i also points of difference, the convertibility of heat of 
" igree of i-efrangibility to another does uot occur 
irith light; there are also dissimilitudes iu the phenom- 
na of radiation and its consequences. 
From the phenomena of the inteiference of these rays, 



244 CHEMICAL RAYS AND BADIANT HBAT. [Mismou XVIL 

of the sensitiveness or non - sensitiveness of the same 
chemical compound being determined merely by the fact 
of its thickness or thinness^ these, and many other similar 
results obviously depending upon mechanical principles, 
it seems to me that very powerful evidence may be 
drawn against the materiality of light, and its entering 
into chemical union with ponderable atoms. Those phi- 
losopher who have adopted the undulatory theory will 
probably find in studying these subjects evidence in 
favor of their doctrines. 
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MEMOIR XVra. 

' DESCRIPTION OF THE CILLORIIYDROGEN PHOTOMETER. 



—Prnpm-tiet of a m'ir.ture of rhlorine and hydmfffti. — II i» 
I aeittl upon hy lamplight, an eleelric fpark at a diitnnee, etc, — The 
\ ffaeta untie in proportion to Ike amount of lif//it, — Mode of mtaturing 
[ ovt htoam qvanlitiei of radiations, — The maiiinam aetioa ig in Ihc 
1 indiffo Kpaee. — Comlruetion of the imlniment. — The tfaneii are evolved 
L 6y tltetriciti/ and ettmbined by Uiiht. — Theoretical eoaditioHi of ei/ui- 
I lihrium. — Preliminary adjustment. — Method of continvoua observa- 

lion. — Method of intemipteil obaervaticiu. — Remarkable eoiitraetioit 

and erpamion, 

I HAVE invented an instrument for raejisiiring tbe 
force of the chemical rays found at a maximum in the 
indigo space, and which from that point gradually fade 
Kway to each end of the spectrum. The sensitiveness, 
*d of action, and exactitude of this instrument will 
ring it to rank as a means of physical research with the 
Bermo-nmltiplier of Melloni, 

J The methods hitherto available in oj)tics for measuring 

ptensities of light by a relative illumination of spaces 

P contrast of shadows are admitted to be inexact. Tlie 

■at desideratum in that science is a jjliotometer which 

|ni mark down effects by movements over a graduated 

"With those optical contrivances may be classed 

he methods hitherto adopted for determining the foi-ce 

F the chemical rays by stains on dagueiTcotype plates 

the darkening of sensitive papers. As deductions 

■awn in this way depend on the opinion of the observ* 
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ei", tbey can never be perfectly satisfactory, uor bear 
compai'isou with thermometric results. 

Impressed with the importance of possessing for 
study of the properties of the chemical rays some meal 
of accurate measurement, I have resortsd in vain to mai 
couti'ivaiices; and, after much labor, have obtained 
last the instrument which it is the object of this Memi 
to describe. 

This photometer consists essentially of a mixture 
equal measures of chlorine and hydrogen gases, evolved 
fi'oiii and confined by a fluid which absorbs neither. 
This mixture is kept in a gi-aduated tube, so an'anged 
that the gaseous surface exposed to the rays never varies 
in extent, notwithstanding the couti'action that may 
going on in its volume, and the hydrochloric acid resi 
ing from its union is removed by rapid absoi|)tion. 

The theoretical conditions of the instrument are, thei 
fure, sufficiently simple ; but, when we come to put them 
into practice, obstacles appearing at fii'st sight insur- 
mountable are met with. The meaus of obtaining chlo- 
rine are all troublesome; no liquid is known which will 
perfectly confine it; it is a matter of great difficulty to 
mix it in the true proportion with hydrogen, and ha' 
no excess of either. Nor is it at all an easy affair 
obtain pure hydrogen speedily, and both these 
diffuse with rapidity through water into air. 

Without dwelling further ou the long catalogue 
difficulties thus to be encountered, I shall first give m 
account of the capabilities of the instrument in the form 
now described, which will show to what an extent alj 
those difficulties are already overcome, In a course 
exjieriments on the union of chlorine and hydroj 
some of which were read at the last meeting of the Bi 
ish Association, I found that the sensitiveness of their 
mixture had been greatly underrated. The statement 
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made iu the books of chemistry, that artificial light will 
not affuet it, is wholly erroneous. Th« fecblcat gleams 
of A taper produce a chaiij^e. No further proof of this 
is required thau the tables given iu this communication, 
in which the radiaut source was an oil-lamp. For speed 
rf action no compound can ajiproach it: a light which 
arliaps does not endure the millionth part of a second 
Fects it energetically, as will be hereafter shown. 

Proofs of tM sensitiveness of Oie instruimnt. — The fol- 
ding illustrations will show that this instrument is 
roinptly affected by rays of the feeblest intensity and 
r the briefest duration. 

When, on the sentient tube, the image of a flame 
irmed by a convex lens is caused to fall, the liquid in- 
»ntly begins to move over the scale, and continues its 
lotions as long as the exposure is continued. It does 
ot answer to expose the tube to the direct emanations 
; the lamp without first absorbing tlie radiant heat, 
r the calorific effect will mask the true result. By the 
iterposition of a lens this heat is absorbed, and the 
lemical rays alone act. 

If the photometer be exposed to daylight coming 
irough a window, and the hand or a shade of any kind 
B passed in front of it, its movement is in an instant ar- 
■sted ; nor can the shade be passed so rapidly that the 
istrument will fall to give the proper indication. 
The experimenter may further assure himself of the 
ctrenie sensitiveness of this mixture by placing the in- 
ment before a window and endeavoring to remove 
□d replace its screen so quickly that it shall fail to give 
my indication: he will find that it cannot be done. 

Charge a Leyden-jar, and place the photometer at a 
ittle distance from it, keeping the eye steadily fixed on 
he scale ; discharge the jar, and the rays from the spark 
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will be seeu to exert a very powei-ful eflfect, the move- 
ment taking place and ceasing in an instant 

This remarkable experiment not only serves to prove 
sensitiveness, but also brings before us new views of tie 
jjowers of tbat extraorLlinary agent electricity. That 
energetic chemical effects can thus be produced at a 
distance by an electric spark in its momentary passage, 
effects which are of a totally different kind from the 
common manifestations of electricity, is thus proved ; 
these phenomena being distinct from those of induction 
or molecular movements taking place in the line of dis- 
charge, they are of a radiant character; and we are led at 
once to infer that the well-known changes brought about 
by passing an electric spark through gaseous mixtures, 
as when oxj'gen and hydrogen are combined into watei', 
or chlorine and hydrogen into hydmchloric acid, nrUe 
from a very different cause than those condensations and 
percussions by which they are often explained—a cause 
far more purely chemical in its kind. If chloi-ine and 
hydrogen can be made to unite silently by an electric 
spark passing outside the vessel which contains them, at 
a distance of several inches, there is no difficulty in uo- 
derstanding why a similar effect should take place with 
a violent explosion when the discharge is made through 
their midst, nor how a great many mixtures may be 
made to unite under the same treatment. A flash of 
lightning cannot take place, nor au electric spark be di* 
charged, without chemical changes being brought abti^H 
by the radiatious emitted, ^H 

Proofs of the exactness of tite indications of tJii^ phff' 
toTiitter. — The foregoing examples may serve to illustrate 
the extreme sensitiveness of this instniment. I shall 
next furnish proofs that its indications are exactly pro- 
portional to the quantities of light incident on it. 
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As it is necessary, owing to tlie variable force of day- 

ght, to resort to artificial means of illumination, it will 

fee founii advantageous to em[»loy the following method 

f obtaining a flame of suitable intensity. 

Let A B, Fig. 40, be an Argaud oil-lamp of which the 



fnck is C. Over the wick, at a distance of half an inch 
1' thereaV)oiit9, place a plate of thin sheetcopper, three 
iOcbes in diameter, perforated in its centre with a circu- 
r hole of the same diameter as the wick, and concentric 
Jtherewitb. This piece of copper is represented at d d; 
nt should have some contrivance for raising or depressing 
pt through a small space, the proper height being deter- 
mined by trial. On this plate the glass cylinder, e, an 
Bnch and three cpiarters in diameter and eight or ten 
inches long, rests. 

When the lamp is lighted, provided the distance be- 

ween the plate d d and the top of the wick be properly 

adjusted, on putting on the glass cylinder the flame iii- 

Btontlv assumes an intense whiteness; by raising the 

wick it may be elongated to six inches or more, and 

llbeoomes exceedingly brilliant. Lamps constructed on 

■these principles may be purchased in the shops. I have, 

■■however, contented myself with using a common Argand 

■Btndy-lamp, supporting the perforated plate <l d at a 

proper height by a retort stand. It will be easily un- 

Herstood that the great increase of light arises from the 

rirciimstance that the flame is drawn violently through 
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the aperture in tlie plate by the current establialied i 
the cylinder. 

As much radiant heat is emitted by this flame, : 
order to diminish its action and also to increase the 
chemical effect I adopt the following arrangement: Let 
A B (Fig, 40) be the lamp; the rays emitted by it are 
received on a convex lens, D, four inches and three qua^ . 
ters in diameter, that which I use being the large lens c^% 
a lucernal microscope. This, placed at a distance of I 
twenty-one inches fi-om the lamp, gives an image of thai 
llame at a distance of thirteen inches, which is receivedl 
on the sentient tube F; between it and the lens there 
a screen, E. 

Things being thus arranged, and the lamp lighted ( 
as to give a flame about three inches and a half loud 
the experiments may be proceeded with. It is coDva 
ient always to work with the flame at a constant heighfl 
which may be determined by a mark on the glass cyliu 
der. At a given instant, by a seconds watch, the sci"ei 
E is removed, and immediately the liquid begins to ( 
scend. When the first minute is ehipsed the position OD.J 
the scale is read off and registered ; at the close of the* 
second minute the same is done, and so on with theM 
third, etc And now, if these numV)ei"s be compurec 
casting aside the first, they will be found equal to od^ 
another, as the following table of experiments, made afrl 
difterent times and with difl'erent instruments, shows. 

From this it will be perceived that, taking the first 
experiment as an example, if at the end of 30' the pho- 
tometer has moved 7.00, at the end of 00' it has moved 
8.00 more; at the end of 90', 7.60 more; at the end < 
120', 7.75 more; the numbers set down in the vertiei 
column representing the amount of motion for each 3<| 
And, when it is recollected that the j'eadings are i 
made with the instrumeut in motion, the differems 



letween the numbers do not greatly exceed the possible 
ri'ors of obsei'vation. It may be remarked that the 
bird and fourth experimeuts were made with a difl'ereut 
imp. 

Taele L 

iowinp that wken ihr radiant source is constant, the ainwiiit of move- 
in the photometer in ilireetly proportiuiial tu the limen of erpomtrv. 
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Though a certain amount of radiant heat from a source 
» highly incandesceDt as that heie used will pass the 
ens, its effects can never be mistaken for those of the 
ihemical rays. This is easily understood when we re- 
jember that the effect of such transmitted heat would 
e to expand the gaseous mixture, but the chemical ef 
jct is to contract it. 

Next, the indications of the photometer are strictly 
►roportional to the quantity of rays that have impinged 
ipou it; a double quantity producing a double effect, a 
l-iple quantity a threefold effect, etc. 

A slight modification in the arrangement (Fig. 40) 
liables us to prove this in a satistactory way. The lens, 

, being mounted in a square wooden frame, can easily 
i converted into an instrument for delivering at its 
Kal point, where the sentient tube is placed, measured 
luantities of the chemical rays, and thu.s becomes au 

valuable HU.\iliavy in those researches which require 
;ilown and predetermined quantities of radiations to be 
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measured out. The method of doing this will 1 
scribed in a subsequeot pnrt of tins Memoir. 

lu order, therefore, to prove that the indications i 
the photometer are proportional to the tuiantity of id 
pingiug ]-ays, place this meimuritiij km in the positici 
D, setting its screens at an angle of 9U°. Remove tl| 
screen E, and determine the etfect on the photometer f 
one minute. At the close of the minute, and with' 
loss of time, turn one of the screens bo as to gi^i'e 
angle of 180", and now the effect will be found doulri 
what it was before, as in the following table 

Table II. 
Showiag Ihat Ihe indkaltmif of the pkotomelcr a 
quantity of incident rays. 
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I have stated in the commencement of this paper that 
the action upon the photometer is limited to a ray whic 
corresponds in refrangibility to the indigo, or, rather, t 
in the indigo space its maximum action is found, 
table on the following page serves at once to 
this tact, and also to illustrate the chemical force of t 
different regions of the spectrum. 

In this table the spaces are equal; the centre oft' 
red, as insulated by cobalt blue glass, is marked . 
unity; the centre of the yellow, insulated by the saia 
beiug marked 3; the intervening region being (' 
into two etjual spaces, and divisions of the same vaI 
carried on to each end of the spectruuL 

As instruments will no doubt be hereafter invenM 
for measuring the phenomena of different classes of p 
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Table III, 
Showing that the fnaximam for the pholomtler i» in the indigo space of 
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it may prove convenient to designate the precise ray to 
■which they apply. Perhaps the most simjile mode is to 
affix the name of the ray itself. Under that nomencla- 
ture the instrument described in this paper ^voiild take 
the name of indigo-photometer. 

There is no diificiilty in adapting this instrument to 
the determination of questions relating to absorption, 
reflection, and transmission. Thus I found that a piece 
of colorless French plate-glass transmitted 
©f 1000. 



De^ription of the Instru- 
iaent. First, of the Glass 
Part. — The chlor- hydrogen 
photometer consists of a glass 
tube bent into the form of a 
riphon, in which chlorine and 
hydrogen can be evolved 
from hydrochloric acid con- 
■iDing chlorine in solution 
the agency of a voltaic 
torrent. It is re]>resented by 
Rg. 41, whfci-e rt J f is a clear 
2)d thin tube four tenths of 

1 inch in external diameter, 
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closed at the end a. At d, a circular piece of metal an 
inch in diameter, which may be called tlie stage, is 
fastened on the tube, the distance from d to a being 
2.!) inches. At the point x, which is two inches and a 
quarter from (/, two platinum wires, x and y, are filsed 
into the glass, and entering into the interior of the tube, 
are destined to furnish the supply of chlorine and hy- 
drogen; from the stage d to the point i, the inner bend 
of the tube, is 2.6 inches, and from that point to the top 
of the siphon c the distance is three inches and a half. 
Through the glass at z, three quarters of an inch from c, 
a third platinum wire is passed ; this wire terminates iu 
the little mercury-cup r, and x and y iu the cupsy; ami 
q respectively, 

A stout tube, sis inches long and one tenth of an iucb 
interior diameter, ef, is fused ou at c. Its lower end 
opens into the main siphon tube; its upper end is turned 
over aty, and is narrowed to a fine termination so as 
barely to admit a pin, but is not closed. This seiTea 
to keep out dust, and in case of a little acid passing out, 
it does not flow over the scale and defiice the divisions. 
At the back of tliis tube a scale is placed, divided into 
tenths of an Inch, being numbered from above do 
wards. Fifty of these divisions are as many as will 1 
required. Fig. 2 shows the termination of the nan 
tube bent over the scale. 

From a point one fourth of an inch above the staged 
downwards beyond the bend, and to within half an inch 
of the wire z, the whole tube is carefully painted with 
India-ink, so as to allow no light to pass; but all thi 
space fi'om a fourth of an inch above the stage d to t 
top of the tube a is kept as clear and transparent 1 
possible. This portion constitutes the sentient part < 
the instrument. A light metallic or pasteboard cap, A D, 
closed at the top and open at the bottom, three inches 
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ig atiJ sis tenths of an inch in tliameter, blackened on 
interior, may be dropped over tbis seatieot tube; it 
ing the office of the stage d to receive the lower end 
the cap when it is dropped on the tube so as to shut 
it the light. 

The foot of the instrument,^ /, is of brass; it screws 
to the block m, which may be made of hard wood or 
ory; in this three holes, p, q, r, are made to serve as 
ii'cury-cups ; they should be deep and of small diam- 
T, that the metal may not flow out when it inclines 
' the purpose of transferring. A l)rasa cylindrical cov- 
L M, L M, may be put over the whole when it is de- 
rable to preserve it in total darkness. 
Things being thus atranged, the instrument is filled 
"ith its fluid, prepared as will presently be described; 
id as the tubes a h,b c are not parallel to each other, 
it include an angle of a few degrees, in the same way 
.t lire's endiometer is arranged, there is no <lifiiculty 
transferring the lifjnid to the sealed side. Enough is 
Jmitted to fill the sealed tube and the open one par- 
ally, leaving an empty space to the top of the tube at 
of two and three quarter inches. 

Secondly, of fhe Fluid Part.—The fluid from which 
mixture of chlorine and hydrogen is evolved, and by 
bich it is confined, is yellow conmiercial hydrochloric 
id, holding such a quantity of chlorine in solution that 
exerts no action on the mi.Ted gases as they are pro- 
;ed. Fi'om the mode of its preparation it always con- 
as a certain quantity of chloride of platinum, which 
es it a deep golden color, a condition of considerable 
ndeotal im|>ortance. 

When hydrochloric acid is decomposed by voltaic 
Ictricity its chlorine is not evolved, but is taken up in 
large quantity and held in solution ; perhaps a bi- 
loride of hydrogen results. If thraugh such a solution 
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hydrogen gas is passed in mimite bubbles, it removes 
with it a certain proportion of the chlonnt'. From this, 
therefore, it is plain that hydrochloric acid thus decora- 
posed will not yield equal measures of chlorine and hy- 
drogen unless it has been previously imjiregnated with 
a certain volume of the former gas. Nor is it possible 
to obtain that degree of saturation by voltaic action, no 
matter how long the electrolysis is continued, if the hy- 
di-ogen be allowed to pass through the lifjuid. 

Practically, therefore, to obtain the photometric liquid 
we are obliged to decompose commercial hydrochloric 
acid in a glass vessel, the positive electrode being at the 
bottom of the vessel and the negative at the sui-faee of 
the liquid. Under these circumstances, the chlorine aa 
it is disengaged is rapidly taken up, and the hydmgen 
being set free without its bubbles passing through the 
mass, the impregnation is earned to the point required. 

Although this chlorinated hydrochlonc acid cannot of 
course be kept in contact with the platinum wires with- 
out acting on them, the action is much slower than 
might have been anticipated. I have examined the 
wires of photometers that had been in active use for 
four months, and conld not perceive the platinum seD- 
sibly destroyed. It is well, however, to put a piece of 
platinum foil in the bottle in which the supply of chlo- 
rinated hydrochloric acid is kept; it communicates to it 
slowly the proper golden tint. 

The liquid being impregnated with chlorine in this 
manner until it exhales the odor of that gas is to be 
transferred to the siphon a h c of the photometer, and its 
constitution finally adjusted as hereafter shown. 

ThirMy, of the, VulUiic Battery. — The battery wl 
will be found most applicable for these purposes i 
sists of two Grove's cells, the zinc surrounding the pla 
num. 
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The following are tbe dimensions of the pairs which I 
The platinum plate is half an inch wide and two 
inches long; it dips into a cylinder of porous biscuit- 
Iran; of the siinic dimensions, which contains nitfic acid. 
&utsitlt! this porous vessel is the zinc, which is a cjlin- 
r one inch in diameter, two inches long, and two tenths 
lick; it \s amalgamated. The whole is contained in a 
I, two inches iu diameter and two deep, which also re- 
""ceives the dilute su]])huric acid. 

The force of this battery is abundantly sufficient both 
for preparing the fluid oiiginally and for caiTying on 
be photometnc operations. It can decompose hydro- 
Dloric acid with rapidity, and will last with ordinary 

i a long time. 

I Befoi-e passing to the mode of using this photometer, 
f 18 absolutely necessary to understand certain tbeoret- 
lal conditions of its equilibrium. These in the next 
i 1 shall describe. 



' Theoretical Conditions of Equilibrium.. — This photom- 
r depends for its sensitiveness on the exact proportion 
F the mixed gases. If either one or the other is in ex- 
I H great diunuution of delicacy is the result. The 
■Omparison of its indications at different times depends 
1 the certainty of evolving the gases in exact, or, at all 
iVents, known proportions. 

Whatever, therefore, affects the constitution of the sen- 
Bent gaseH alters at the same time their indications. Be- 
Hreen those gases and the fluid that confines them cer- 
lin relations subsist the nature of which can be easily 
iced. Thus, if we had equal measures of chlorine and 
iydi-ogen, and the liquid not saturated with the former, 
Ti would be impossible to keep them without change, for 
by degrees a portion of chloi-iue would be dissolved and 
AD excess of hydrogen remain ; or if the liquid was over- 
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charged with chloi-ine, nil excess of that gas would 
cumulate in the sentient tube. 

It is absolutely necessary, therefore, that there shi 
be au equilibrium between the gaseous mixture 
confining fluid. 

Aa has been said, when hydrochloric acid is d^ 
posed by a voltaic current, all the chlorine is absorbed 
by the liquid and accumulates therein ; the hydrogen 
bubbles, however, as they lise witbdi'aw a certain pro- 
portion, and hence pure hydrogen passed up through the 
photometric fluid becomes exceedingly sensitive to the 

light. 

There are certain circumstances connected with 
constitution and use of the photometer which eontu 
ally tend to change the nature of its liquid. The pi 
inum wires immersed in it by slow degrees give rise 
a chloride of platinum. It is true that this takes ph 
very gradually, and by far the most formidable difllculty 
arises from a direct exhalation of chlorine from the nar 
row tube ef, for each time that the liquid descendi 
volume of air is introduced, which receives a cerl 
amount of chlorine which with it is expelled the ni 
time the battery raises the column to zero; and 
going on time after time finally impresses a marl 
change on the liquid. I have tried to correct it 
various ways, aa by terminating the end _/ with a bulb; 
but this entails great inconvenience, as may be discov- 
ered by any one who will reflect on its operation. 

Wlien by the battery we liave raised the index to its 
zero point, if the gas and liquid are not in equilibrim 
that zero is liable to a slight change. If there be hydl 
gen in excess, the zero will lise; if chlorine, the 
will fall. 

In making what will be termed "interrupted ea 
meutSj" we must not too hastily determine the jiositi 
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f the index on the scale at the end of a trial. It is to 
e remembered that the cause of movement over the 
•ale arises from a condensation of hydit>ehIonc acid, hut 
hat condensation, though very rapid, is not instanta- 
leous. Where time is valuable and the instrument in 
jerfect cquilibnuni, this condensation may be instauta- 
oiisly effected by simply inclining the instrument so 
hat its liquid may pass down to the closed end «, but 
lot BO much as to allow gas to escape into the other 
ide — the inclination of the two sides to each other 
Bates this a very easy manipulation — and the gas thus 
TOught into contact with an extensive liquid suifaoe 
ields ap its hydrocblonc acid in an instant. 

Directions for using the Pliotctmeter. PreUminary ad- 
fitment. — Having transferred the liquid to the sealed 
nd of the siphon, and placed the cap on the sentient ex- 
remity, the voltaic battery being prepared, the operator 
lips its polar wii'es into the cups/*, y, which are in con- 
ection with the wires x,ij. Decomposition immediately 
akes place, chlorine and hydrogen rising through the 
iquid and gradually depressing it, while, of course, a 
DH'eBponding elevation takes place in the other limb. 
Tiis operation is continued until the liquid has lisen to 
he zero. It takes but a few seconds tor this to be ac- 
npliahed. 

The polar wires having been disengaged, the photom- 
ler is removed opposite a window, care being taken 
hat the light is not too strong. The cap is now lifted 
T the sentient extremity a J, and immediately the liquid 
icends. This exposure is allowed to continue, and the 
iqnid suffered to rise as much as it will to the end a. 
knd now, if the gases have been properly adjusted, an 
ntire condensation will take place, the sentient tube a d 
(ItDg completely. In practice this precision is not how- 
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ever obtained, and if a bubble as large as a pepper-corn 
be left, the operator will be abundautly satisfied wilh 
tbe aeneitiveness of his instniment. Commonly, at first, 
a large residue of hydiogeii gas, occupying perhaps an 
inch or more, will be left. It is to be uuderstoud that 
even this laige surplus will disappear in a few hours by 
absorbing chloiine. But tliis is not to be waited I 
as soon as no further rise takes place, in a minute or tvi 
the siphon is to be inclined to one side, and the i-esidi 
turned into the open side. 

Kow, recurring to what has been said on the equil3 
rium, it is plain that this excess of hydrogen arises frfl 
a want of chloi'ine in the photometric liquid. A pron 
quantity must therefore be furnished by proceeding | 
follows : 

The sentient tube being filled with the liquid by i 
clination, connect the polar wires with p, q, ns bef(4 
These may be called generating wires. A1I«jw the liqu 
to rise in h c until the thiid platinum wire z, which mi 
be called the ailjus/iiig wire, is covered au eighth or 
au inch deep. Then i-emove the negative «ire from the 
cup^> into the cup r, and now the conditions for saturat- 
ing the liquid are complete; hydrogen escaping fi-oni 
the suiface of the liquid at z, and chlorine continually 
accumulating and dis.solviug between x and d. 
having been carried on for a short time, the gas in ( 
is to be turned out by inclination and the instrumel 
recharged. That a proper quantity is evolved is ea: 
ascertaineil by allowing total condensation to take f 
and observing that only a small bubble is left at a. 

It will occasionally happen in this preliminary adjq 
ment that an excess of chlorine may arise from contia 
ing the process too long. This is easily discovered I 
its greenish-yellow tint, and is to be I'euioved by int 
ing the instrument and turning it out. 
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Thus adjusted, everything is ready to obtain measures 
any effect, there Vteing two different methods by 
irhich this can be done: Ist, by continuous observa- 
; 2d, hy interrupted observation. 
Of the method vf coritiiiumts observation. — This is best 
fcnbed by resorting to an example. Suppose, there- 
■e, it 18 required to verify Table I., or, in other words, 
> prove that the effect on the photometer is propor- 
tional to its time of exposure. 

Put on the cap of the sentient tube a d, connect the 
olar wires with p, q, and raise the liquid to zero. 

Place the photometer so that its sentient tube will re- 
»ive the rays pi'operly. 
At a given instant, marked liy a seconds watch, re- 
ve the cap A D, and the index-liquid at once begins 
) descend. At the end of the first minute read off the 
division over which it is passing. Suppose it is 7. At 
the end of the second do the same: it should be 14 ; at 
the end of the third, 21, etc. This may be done until 
the fiftieth division is reached, which is the terminus of 
the scale. 
L Recharge the tube by a momentary application of the 
^■plar wires; but it is convenient first to remove any 
^^Bcess of hydrochlon'c-acid gas in the sentient tube by 
, allowing it time for condensation ; or, if that be inadmis- 
sible, by inclining a little to one side, so as to give an 
extensive liquid contact. 

Of the ni>:(h(/d of internipted. ohser-vativn. — It fi'equent- 
ly happens that observations cannot be had during a 
^continuous descent, as when changes have to be made in 
arts of apparatus or arrangements. We have then to 
ort to inten-iipted observations. 

This method requires that the gas and liquid should 

! well adjusted, HO that no change can arise in volume 

Irben extensive contact is made >iy inclination. 
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The pLotometer being charged, place it in a pi-oper 
position. At a given iiiatant remove its cap, and the 
liquid destiends. When the time marked by a seconds 
watch has elapsed, drop the cap on the seutieut tube. 
The liquid simultaneously pauses in its descent, but tloee 
not entirely stop, for a little uncondensed hydrochloric 
acid still exists, which is slowly disappearing in the sen- 
tient tube. Now, incline the instrument for a njomeut 
to one side, so that the liquid may run up to the end a, 
but not so much as to let any gas escape. Restore it to 
its position and read off on the scale. It is then ready 
fur a second trial. 

The difference between continuous and interrupted ob- 
servation is this, that in the latter we pause to wash out 
the hydrochloric acid, and though this is effected by the 
simplest of all jKJssible methods, continuous observations 
are always to be preferred when they can be obtained. 

I have extended this Memoir to so great a length that 
many points on which remarks might have been made 
must be passed over. It is scarcely necessai'y to say 
that the sentient tube must be uniformly and perfectly 
clean. As a general rule also, the fii"st observation may 
be east aside, for reasons which I v^■ill presently give. 
Furtlier, it is to be remarked, as it is an essential prin- 
ciple, that during different changes of volume of the 
its exposed surface must never vary in extent, the liquid' 
is not to be suffered to rise above the blackened portion 
at (/. If the measures of the different parts be such a» 
have been here given, this cannot take place, for the 
liquid will fall below the fiftieth division bef 
other suiface rises above d. 

The same original volume of gas in a J will ] 
a long time, as we keep replenishing it as often 
fiftieth division is reached. 
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The experimenter cannot help remarking that, on sud- 
denly exposing the sentient tube to a blight light, the 
liquid for au instant rises on the scale, and on dropping 
the cap in an instant fulls. This important phenomenon, 
which is strikingly seen under the action of an electric 
spark, I shall consider hereafter. 

In conclusion, as to conipanng the photometric indi- 
cation at different times, if the gases have the same con- 
Btitution the observations will compare; and if they 
liave not, the value can from time to time be ascertained 
"by exposure to a lamp of constant intensity. To this 
method 1 commonly resort 

From the space occupied in this description the reader 
might be disposed to infer that this photometer is a 
very complicated instrument and difficult to use. He 
would form, however, an erroneous opinion. The pre- 
liminary adjustment can be made in five minutes, and 
with it an extensive series of measures obtained. These 
long details have been entered into that the theory of 
the instrument may be known, and optical artists con- 
struct it without difficulty. Though surprisingly sensi- 
tive to the aotiou of the indigo ray, it is aa manageable 
by a careful experimenter as a common diffei"ential ther- 
mometer. 

UsivjtssiTr or New Yoiik, Sept. 2C, 18+3. 



Note. (From Ilfu-per's Magazine, No. 328.) — Pro- 

Ifessors Bunsen and Roseoe, in their photo-chemical re- 
searclies, made at the University of Heidelberg, and 
communicated to the Royal Society of Loudon, 1856, 
say: "The first and only attempt which has been 
made to refer the chemical action of light to a stand- 
ard measure is to be found in the researches of Draper. 
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The description of his instrument and mode of obsen 
tion employed by him was published in 1843. Even 
with this instrument, which, as we shall show, is in many 
respects defective. Draper has succeeded in estaldishiug 
expennientally some of the most important relations of 
the chemical action of light. In these expenments Dra- 
per collected hydrogen, evolved by electrolysis over hy- 
ilrochlorie acid saturated with clilonne, and to this hy- 
drogen he admitted so much chlorine, either by diffusion 
from the saturated acid or by electrolysis, that the mixt- 
ure consisted of nearly equal volumes of the two gases, 
and entirely or almost entirely disappeared on exposure 
to light. The alteration in the volume of the gaseoua 
mixture aiising from the absorption of the hydrochloric 
acid formed by the action of the light was read off on a 
scale, and being within certain limits proportional to the 
time of exposure, served as a measure of the chemical 
rays." 

Professors Bunsen and Roscoe, having mndified this 
instrument to suit the objects they had in view, accord- 
ingly used it in their very exhaustive and important 
series of researches. 

The measuring lens referred to in previous paragraphs 
18 constructed upon this principle: If half the surface of 
a convex lens be screened by an opaque body, as a piece 
of blackened card-board, of course only half the quantity 
of rays will pass which would have passed had the 
sci-eeu not been Interposed ; if one fourth of the lens be 
left uncovered, only one fourth of the quantity will pass. 
But in all these instances the focal image remains of the 
same size as at first. Therefore by adjusting upon the 
- frame of the lens two screens, the edges of which JMU^J 

■ through its centre and are capable of rotation therenpt^^H 
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idge to etlge opposite each otlier. We shall have 90° 
When they are rotated so as to be at right angles, and 
LSO" when they are superposed with their edges coin- 
adiog, or one of them be taken away. Thus, by setting 
hem in different angular positions, we can have all 
quantities, from 0° up to 180°, and by removing them 
mtirely, i-each 360°, The lens will thus give an image 
fa visible olyeet always of the same size, its bi'illiancy 
r intensity varying at pleasure in a known proportion. 
In Fig. 42, A, B, B, D is a double convex lens set in a 
wooden frame, F. Its face can be cov- 
ered by two seniicii'cles of blackened 
Bard-board, one of wliieh revolves on the 
centre at c. In tlie figure they are I'ep- 
gresented as set at right angles, and the 
qaarter of the lens at A is uncovered. 




To the foregoing description of the 
ehlor-hydl-ogen photometer I may add a 
reiBrence to another which I have very 

tdvantageously used when extreme sen- 

jtitiveness was not required. It depends ^ 
CO the employment of an aqueous solu- 
tion of ferric oxalate. This substance, '^'"' 
which is of a golden-yellow color, may be kept for many 
years without undergoing any change, if in total dark- 
ness; but on exposure to a lamp or the daylight it 
decomposes, carbonic acid esea]>ing, and lemon -yellow 
ferrous oxalate precipitating. If set in the sunshine, it 
ictuftlly hisses through the escape of the gas. The ray 
prhieh chiefly affects it is the indigo, the same which 
ifects the chlor-hydrogen photometer and the silver 
ompounds used in photography. This ray, to produce 
B effect, undergoes absorption, as might be anticipated 
^om what has been previously said in this Memoir, and 
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as is easily proved by causing a sunbeam to pass 
two parallel strata of the oxalate, when it will be fuunil 
that the light which has gone through the flret portioa 
is inoperative on the second. 

Other properties which this solution of ferric oxal 
possesses strongly recommend it as a photometric agei 
Unlike solution of chlorine, it may be vei-y conveniently 
confined in glass tubes by meiTUi'y. In its use there are 
two points which must be attended to: (1) the lemon- 
yellow ferrous oxalate must not be permitted to iuerust 
tlie side of the glass exposed to the light, and thereby 
injure its transparency; (2) the fenic solution must be 
kept nearly at a constant temperature, for its color 
changes with the heat. At the freezing of water it is 
of an emerald-green tint ; at the boiling, of a brownish- 
yellow. With these variations of tint its aVisorptive ao 
tion varies, and therefore its liability to be changed. Id 
an extensive series of experiments made with it, but 
which I have not yet published, I found that it is great- 
ly improved by the addition of an aqueous solution of 
ferric chloride. 

It may be remarked that the oxalate is an excellent 
photographic substance. A piece of tissue-paper, made 
yellow by being dipped into a neutral solution of it, 
when dried in the dark is very sensitive. Its invisil 
impression may be developed by a weak solution 
nitrate of silver, two grains dissolved in an ounce 
water answering very well. A weak solution of chl* 
ride of gold is a still more sensitive developer. I have 
in my possession photographs made by both these meth- 
ods more than thirty years ago, which have underg( 
apparently no deterioration. 

In the application of feriic oxalate to photometry 
eral methods may be followed. The course I have mi 
commonly taken has been to deteiTuine the quantity 
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larbonic acid produced, sometimes by volume, sometimes 
by weight It is to be uuderstood thiit befoie aay car- 
bonic ucid can be Jiseugaged the solution must become 
Baturated therewith, aud that before we can correctly 
measure the quantity of light by the quantity of acid 
produced this dissolved portion must be ascertained. 
In one of my photometei's the expulsion of the dissolved 
I is accomplished by exposure to a bath of boiling 
water, in another by a stream of hydrogen. Both yield 
wtiafactory results. 

But this method by the determination of the produced 
arbouic acid is only one of numerous plans; for in- 
itance, we might use the weight of certain metals which 
ihe solution after exposure will precipitate. Thus a por- 
tion which has been made and kept in the dark may be 
taixed with chloride of gold without any action ensuing, 
>ut if it has been illuminated, the weight of metallic 
jold precipitated is iu proportion to the incident light. 
"" 3 this principle I commenced an attempt to determine 

e hourly and diurnal illumination of a certain locality. 

t the bottom of a metal tube, arranged as a polar axis, 
va» placed a l)ulb containing a standard solution of the 
rou salt, and at the close of the proposed periods the 
treight of gold it could reduce was ascertained. There 
1 eometbitig fascinating in determining the quantity of 
ight which the sun yields by the quantity of gold it 
an produce. Upon the whole, however, I would rec- 
Hnmend those who are disposed to renew these at- 
lempts to select a method depending on the volume of 
irbouic acid, for it is always easier to make an obser- 
'atiou than an experiment. 

Among the important results which may be expected 
•om these new modes of photometry are the hourly, 
liurnal, and annual quantities of sunlight. These aie 
uportant not only in a meteorological point of view, 
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but also as respects pliysical geography and 
interests of agrioiilture. The sum of vegetaViIe orgi 
zation is in all climates and localities a function of t 
light distributed theieto. And so far as heat is con. 
cerned, it is not the intensity only, but the absolute 
quantity, which is to be measured. To each plant, from 
the moment of its germination to Hm moment of its 
maximum development and the completion of its life, & 
definite quantity of heat and of light must be given. As 
respects the heat in such inquii'ies, it is not only the 
thermometer but the calorimeter which must be consid- 
ered; and as to the light, the photometei's herein de- 
scribed determine its quantity but not its brilliancy, 
and therefore answer the indications required. And 
since it is not merely the temperature of a locality, but 
also the light of the sun, which is the effective condition 
of vegetable growth, we see how important even in agri- 
culture itself these proposed determinations really are. 

To those who would devote themselves to such inqui- 
ries I recommend as a photometric means a mixture < 
chlorine and hydrogen where great sensitiveness is l 
quired, and in other cases ferric oxalate. 
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The chlor-hydrngen and the feme oxalate photometers 
act by selective absorption, on the principle of the cal^ 
rimeter; that is to say, they measure the quavtity of tT 
radiations they select. 

I may, perhaps not inappropriately, close this Memoir 
with a bi'ief iillusion to an instrument I formerly used 
very much. It measures the intensHij of the radiations 
it is made to select, and these radiations may be varie 
at pleasure. I will describe it first as adjusted for the r 
diations of which chlor-hydrogen and ferric oxalate tain 
charge. The description is extracted fi'oni a paper IpuH 
lished in the Philosophical Magazine, An^vrnt, 1844. 




Let a wooden box, A B (Fig- 43), sis inches long, two 
vide, and two deep, witb peifo rations at A and B in its 
inds, be provided ; in tbe centre of its top an aperture 
tree quarters of an inch in diameter is to be made. 
The box must be blackened inteiiorly, and a rectangular 
)rism of wood, C, be placed in it, with its nght angle in 
Mch a position that its edge bisects as a diameter the 
arcular aperture; over this wooden prism a piece of 
rhite paper is pasted, care being taken that where it 
tends over the right angle of the prism it is folded 
Iiaip. So far the reader will recognize in this Ritchie's 
ihotonieter. Upon the apevtiu'e in the top of the box 
1 glass trough, fj k, is placed ; it is made by cutting a 
ircular hole an inch in diameter in a piece of plate-glass 
me third of an inch thick, and laying on each side of it 
k thin piece of plate-glass. This forms a circular trough, 
n which a strong solution of sulphate of copper and 
immonia may be enclosetl. Over the trough a tube, d, 
light or ten inches long, is placed so that the eye may 

i distinctly through the aperture in the top of the box 
he disk of paper, and more especially its dividing di- 
imeter. 
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Lights, E, F, set at the opposite ends of the box, A B, 

ly therefore be compared as regards their photographic 

ensity, the calculations being made by the common 

oraetric law. And by changing the liquid in the 

•bing trough, g h, any radiations may be selected 

esamination. The instrument may therefore be des- 

■ted as " the selective absorption photometer." 

om the facta presented in this and the preceding 

oer, as conveying the modern conception of the rela- 

1 of luminous and calorific radiations, it may be cou- 

led that the thermometer with a blackened bulb is 

abaolute photometer, and that, in accordance with the 

jiiinciples set forth, many other selective photometers and 

thermoraetera may be devised. 
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MEMOIR XIX. 

ON MODIFIED CTILOKISK. 

Frnm the Philoaophicnl Magazine, July, 1844. 

[TliH Memoir niu Tend nt the meeting of llie Briti.->]i Asitncintian held at Cork, 
ld43. The concluding ]<anigrBphs were »ubsec|iieiii1y added.] 

CojiTiKT^; — Deseripfioa of lUe experiment. — The rkange in the (hlorint 
U not tfiuuitnt. — There nre two »togei in the phtiiomtnoH, — Ray» are 
abtorbed in prodtieinff thii change. — The indigo ray it ahmrbed. — The 
action i$ potitive from end to end of the epeelrum. — The iadiga ray 
Jvrmt hydrochloric acid and alto produces the preliminary modijica- 
lion, — Chaiiye in other elementary bodies. — Verijication of theu results 
with the ehtor-kydroffen photometer. 

Chlorine gas which has been exposed to the daylight 
br to sunshine possesses qualities not possessed by chlo- 
~rine made in the dark. 

This is shown by the circumstance that chlonne which 
has been exposed to the sunshine has obtained from 
that exposure the property of speedily uniting with hy- 
drogen gfls, a property not possessed by chlorine made 
and kept in the dark. 

This quality gained by the chlorine arises from its 
having absorbed chemical rays corivsponding in retVan- 
gibility to the indigo. It is not a transient, but appa- 
rently a permanent property, the rays so absoihed be- 
I coming latent, and the etfect lasting for an unknown 
period of time. The facts here presented will be inter- 
fisting to chemists, because they plainly lead us to sus- 
pect that the descriptions we have of the properties of 
hll elementary and compound bodies are either inaccu- 
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exhibit after they have been exposed tn light ; we still 
require to know what are the pruptjrties they possess 
before exposure to such influences. 

Natural ])hilosopher8 will also find an interest in 
these phenomena, for they finally establish for the chem- 
ical rays two important fa<;ts: 1st, that those rays are 
absorbed by ponderable bodies; and, 3d, that they be- 
come latent after the manner of heat. Some years ago 
I endeavored to prove that these things held for a c 
pound substance, the iodide of silver (^Phil. Mag.^ £ 
tember, 1841). 

For reasons which will be obvious as the descripti 
proceeds, I shall speak of chlorine which has been i 
posed to the beams of the sun as modified chlorine. 

I. Description of the -E}rperiment. 
In two similar glass tubes place equal volumes < 
chlorine, made from peroxide of manganese and hydtj 
chloric acid by lamplight, and carefully screened fra 
access of daylight. Kxpoae one of the tubes to the full 
sunbeams for some minutes, or, if the light be feeble, for 
a quarter of an hour: the chlorine in it becomes modi- 
fied. Keej) the other tube during this time carefully in 
a dark place; and now, by lamplight, add to both equal 
volumes of hydrogen gas. These processes are best car- 
ried on in a small porcelain or earthenware trough, filled 
with a saturated solution of common salt, which dis- 
solves chlorine slowly; and to avoid explosions operate 
on limited quantities of the gases. Tubes that are eight 
inches long and half an inch in diameter will answer 
very w>3ll. The tM'o tubes now contain the same g 
mixture, and only differ in the circumstance that one I 
mollified and the other not. Place them, therefoi-e, sid 
by side before a window, thiough which the entrance | 
daylight can be regulatiid by opening the shutter; 
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now, if tbis part of the process be conducted propei-ly, 
it will be seen that the modified chlorine conmiuiices to 
unite with the hydrogen and the salt water vises in that 
tube. But the unmodified chlorine shows no dispositiou 
to unite with its hydrogen, and the liquid iu its tube 
^■emains motionless for a long time. Finally, as it be- 
»me9 slowly modified liy the action of the daylight im- 
ingiug ou it, union takes place. From this, therefore, 
"we perceive that chlorine which has been exposed to 
the aun will unite promptly and energetically with hy- 

I drogen ; but chlorine that has been made and kept in 

^Kthe dark shows no such property. 

^B As I doubt not this remarkable experiment will be 

^Kepeated by chemists, I will add that the only point to 

^Brhicb attention in particular is to be given is in the 

^Hnal exposure to the light. This must not be too feeble, 

^ 01" the action will be tedious; but the direct sunbeam 

must be sedulously excluded or an explosion will result. 

A room illuminated by one small window looking to the 

north answers very well. Jt need scarcely be added that 

cai-e must be takeu that both tubes are illuminated alike. 

II. Th6 Change in the Chlorine id not Tmnnient. 
Now it might be supposed that this apparent exalta- 
:ion of the electro-negative properties of the chlorine is 
only a transient thing, which would speedily pass away, 
the gas reverting to its original condition. 

To show that this is not so, modify some chlorine in a 

tube as before. Place it for an hour or two iu the dark 

long with the lube of unmodified chlorine with which 

to be compared, then to both add hydrogen. Ex- 

186 them as in the former experiment to the daylight, 

and the result will turn out as before; the modified 

chlorine forming hydrochloric acid at once, and the uu- 

modifietl refusing to do so. 

S 
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This, tljerefoie, shows that the change which tht sun- 
beams impress upon chlorine is to a eertaiii extent a 
permanent change, anil, unlike a calonfic eftect, it does 
not spontaneously and rapidly pass away. 

nX There are Two Sktges in the Phenomenoii. 

Let us now make inquiry into the nature of the 
change thus impressed on the chloiiue. This, I shall 
show, rests in the circumstance of the absolution of rays 
which correspond in refi'angibility to the indigo, and ap- 
pear to become latent. 

In ft tube, over salt water, mix together equal volumes 
of unmodified chlorine and hydrogen gas. Expose it to 
the daylight, marking the time at which the exposure 
commences. Watch the level of the liquid in the tube 
nan-owly, and, though stationaiy for a considerable time, 
after a certain period has elapsed it will be seen on a 
sudden to start and commence rising. Observe now 
how far it will nse dui-ing a period equal to the time 
that elapsed between the first exposure and the begin- 
ning of the rise, and it will be seen that one fourth or 
half the gases will disappear. 

It is obvious that from the first moment of exposure 
the rays must have been exerting their influences on tlie 
mixture. As ivill presently be proved, absorption has 
been all along taking place. There are, therefore, two 
distinct phenomena exhibited by this experiment. There 
is a period during which, though large quantities of the 
dark rays are disappearing, no visible change is pro- 
ducetl; there is a second period, during which absoi-p- 
tion is accompanied by a remarkable chemical effect — 
the production of hydrochloric acid. From these things 
we gather that a definite amount of the chemical rays 
must disappear and become latent before hydrochloric 
acid can form. The phenomenon is not unlike that of the 
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Iflisappearance of a definite quantity of heat in tbe jias- 

ge of ice into the conclitiou of water. 

A mixture of clilorine anJ hydrogen does not, therefore, 

instantly give rise to the production of hydrochloric acid 

on exposure to the light, but as a preliminary condition 

>■& certain definite amount of absorption must take place. 

Now if this were a mere molecular disturbance, such 

might be brought about by the action of heat, we 

nhould expect to find it transient and speedily passing 

iBway. Such, however, is far from being the case. As 

with simple clilorine, so with this mixture; after it has 

been modified it loses its quality very slowly. I have 

tobserved that after a week or more has elapsed since it 

■ras first exposed to the light, it commences to contract 

frhen placed in a feeble gleam. 

rV, Rays are Absorbed in Producing this Chaii'je. 
I have thus far assumed that the rays which bring 
bbout these changes are absorbed ; the following is the 
proof which I have to offer: 

Over a tube half an inch in diameter and six inches 
Bong, closed at its upper extremity and open at its lower, 
pnvert ajar of tbe same length and one inch and a half 
Rn diameter. Fill the tube and the jar at the salt-water 
tTOUgh, about two thirds full, with the same mixture of 
chlorine and hydrogen. E.xpose them to diffuse day- 
light. Now it is clear that no rays can gain access to 
ha tube except after having passed through the gaseous 
Uisture in the jar. After a certain space of time the 
level of the liquid in the jar commences to rise, but that 
1 tbe tube will remain much longer wholly stationary. 
It therefore appears that a beam which has passed 
trough a mixture of chlorine and hydrogen has lost, to 
k gi*eat extent, the quality of bringing about tbe union 
f a second portion of tbe mixed gases tbrongb which it 
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may be caused to traverse. The active rays have 1 
absorbed; they disappear from the beam and are lost iii 
producing their first effect. 

A beam of light loses its energy in producing a chem- 
ical effect; the beam, as well as the medium on which it 
acts, becomes changed. I have a series of results which 
proves that this takes place for a great variety of com- 
pound bodies. 

V, It U ike Imligo Ray which is Absorbed. 

As has been said, it is a ray corresponding in refrangi- 
hility to the indigo which produces these results. 

In a small porcelain trough I inverted, side by sidt, 
ten tubes, each of which was three inches long and one 
third of an inch in diameter, the trough being filletl with 
salt water. I passed into each tube a certain (quantity 
of unmodified chlorine and hydrogen, A beam of the 
sun, being directed by a heliostat into a dark room, was 
dispersed horizontally by a flint-glass prism, and the 
trough with its tubes so placed as to offer an exposure 
to the different colored rays. The aperture admitting 
the beam was about half an inch in diameter. For a 
while no movement was observed in any of the tubes; 
but as soon as the preliminary absorption previously de- 
scribed was over, the level of the liquid began to rise. 
In the red and in the oi'ange no movement could be 
pei-ceived, in the violet only after a time; but first of all 
the tube that was immersed in the indigo light was in 
action, and exhibited finally a very rapid rise; this was 
soon followed by the tube that ■was in the space whei 
the indigo and violet joined, then by that in the v\d 
and that in the blue; the tube in the green was nextf 
order. The following table gives the numerical resa 
obtained by observing the time which elapsed befoJ 
movement took place in each tube: 
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mnaittnj. | Tliiu-. 


NumeortOT. ■ Time. | 


Extreme red • 

Red ttiij orange. ... +100.00 
Yellow and Rreen, r.2.00 
Greea and blue... i.m 


I'lJigo 

Inaigonndriolel., 


l.BO 
2.00 
2.1;.-. 

r>.(H) 

Q..^0 




Extreme violet.... 





Many years ago 51. BeravJ made experiments on the 
f explosion of chloiine and liydi'ogen, and concluded from 
Lis results tliat it was brought about by tlie violet ray. 
This was at a time when the metliods of making these 
. experiments were less exactly known. It is a very easy 
I matter to prove that in reality the indigo is the active 
wTtiy, and that from a maximum point which is in the in- 
digo, but towards the blue, the eftect gradually dimin- 
ishes to each end of the spectrum. 

The following table gives the cilcnlated approximate 
L intensity of the chemical foice for each ray, deduced 
I from the foregoing experiment: 



•(•mootrii.v. 


P„rff. 


Nnm=.,frny. 


F-t^f. 




Eittemered 

RodandorBnge. ... 
Ydl(l<ranllgre«n,. 
Green and blue.... 


1.90 
25.00 




fiii-SO 

44.'<0 

2(I.0U 
IB. 10 




Indigo nnd violet.. 

Violet 

Violet 

Extreme violet.... 









There is a great advantage which experiments con- 
flncted in this way possess over those depending for 

Jtheir indication ou the stains impres.sed on daguerre- 
otype plates or sensitive pajters. In those cases we ob- 

Ktain merely a comparative contrast for different regions 
rof the spectrum; in this we have absolute measures de- 

■termineil by a definite chemical effect and the rise of a 
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liquid in .1 graduated tube; and from this we gain just- 
er views of the true constitution of the spectrum. Oil 
studying the uurabera in the foregoing table, or, better 
still, if we project them, it will appear what an enormous 
difference there is in the chemical force of the different 
rays. In the experiment from which I have deduced 
this table it appears that the force of the indigo ray 
exceeds that of the orange in a greater ratio than GG to 
1 ; and from the circumstances under which the experi- 
ment is made this difference must be greatly underrated. 
There is always diffused light in the room coming from 
the intromitted beam, and this accelerates tlie rise in the 
less refrangible tubes; then, again, it is impossible that 
the tube which gives the greatest elevation shall coin- 
cide mathematically with the maximum point and 
press the maximum effect. 

From some estimates I have made I am led to believe 
that in point of chemical force, for this mixture of chlo- 
rine and hydrogen, the indigo ray exceeds the red in a 
higher i-atio than 500 to 1. ~ 
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VL The Action is Positive from End to End of t 
Spectrum. 
M. Becquerel found that for au iodized silver plate thi 
red, the orange, and the yellow I'nys possess the quality" 
of continuing the action begun by the more refmngible 
colors; he therefore names these *^ rayons continvaiews."" 
For the same compound I found that those rays, actioj 
conjointly with the diffused daylight, exerted a negative 
agency. It is therefore desirable to understand whetha 
with respect to the gases wow under consideration, 
less refrangible rays exevt anything in the way of an I 
tion of depression or hindrance to union. By direct e 
periment I found that this was not the case, the actid 
being positive from end to end of the spectrum, Thl 
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^Hicau be sliowu by removing the tubes, after they have 
^H been in the spectrum for an hour or two, into the gleams 
^Hof daylight. One by one they exhibit after a time a 
^Hrise, the order being the green first, then the yellow and 
^^the oi'ange, and at last the red. And if at the same time 
^H.a tube which has been kept in the dark be exposed 
^Balong with tbem, they will ail rise befoi'e it, showing 
^Htbat modification had set iu and been going on in them 
^Kal); that it had been more active in the green than in 
^Btbe yellow, in the yellow than in the orange, in the or- 
^Hange tlian in the red ; and, had the exposure to the spec- 
^Htrum been long enougIi,the liquid in every one of the 
^H tubes would liave risen. 

^HVII. The Indigo JRay forms the Hydrochloric Acid m 
^H well as produces the Preliiiiinary Modifiaitioit. 
^H It only remains now to inquire whether the rays caus- 
^Ving the production of the hydrochloiic acid are those 
^V which effect the modification of the chlorine ; in other 
i words, whether the first stage of the process is brought 
about by the same agent which carries on the second. 

kThe experiment I have just described shows that modifi- 
cation is most actively produced by the indigo ray, and 
it is easy to show that it is the same ray ^vhich canies 
on the second part of the process ; for, if before placing 
the tubes ia the prismatic spectrum we expose them to 
the daylight, so that the liquid has just commenced to 
rise in each, and then to the spectrum, it will be found 
that the liquid of the tube in the indigo rises most rap- 

■idly, and the others in the order stated before. There- 
fore we perceive that the same ray commences, cairies 
on, and completes the process. 
Few substances can exceed in sensitiveness to light a 
mixture of chlorine and hydrogen previously modified. 
Brought into the obscure daylight of a gloomy chamber, 



■i^O JIODIFIED CHLORISP:, [Mmoin XIX. 

it is remarkable liow prompftly the level of the liquid in 
the tube rises; how, uhen the shiittere are successively 
thrown opea, the action becomes more antl more ener- 
getic; and how, in an instant, it stops when the instru- 
ment is shaded by a screen. 

I have not recorded in this communication a multi- 
tude of experiments of detail supporting the conclusions 
here drawn. It has been my object ou this occasion to 
call attention to the fact that chlorine, an elementary 
body, undergoes a change after exposure to the light; a 
change which appeara to produce an exaltation of its 
electro-negative properties, as is shown by its power of 
uniting more energetically with hydrogen. This change 
must not be confounded with those transient elevations 
of activity due to increased temperature, inasmuch as 
this is more permanent in its chai'acter. It arises fro 
the absorption of rays existing most abundantly in tlv 
indigo space of the spectrum. That the phenomenon 1 
due to a true absorption is fully shown by the circud 
stance that a beam which has produced this effect hd 
lost the quality of ever atiter producing a similar resuM 
This is borne out by what we observe to take plai 
when a feeble light falls on a mixture of chloiune j 
hydrogen prepared in the dark, A certain space i 
time elapses before any formation of hydrochloric j 
occurs, during which the absorption in question is £ 
on ; and when that is completed, and the mixture i 
modified, union of the gases begins and hydrochlorj 
acid forms. Fi-om end to end of the spectrum the actiq 
is positive, and diffei's only in intensity; but this diffi" 
ence in intensity opens before us new views of the < 
stitutiou and character of the solar beam. 



Paragraphs suhseqnenthj adtkd. 

Chlorine is not the only elementary substance in 
which the latliations produce a chaDge. In his chapter 
on phosphorus, Berzelius remarks: "Light produces in it 
(phosphorus) a peculiar change, of which the intimate 
uatare is unknown ; aud which, so far as we can judge 
at present, does not alter its weight. It makes it take a 
red tint. This phenomenon occurs not only in a vac- 
uum, even in that of a barometer, but also in nitrogen 
gas, in earburetted hydrogen, under water, alcohol, oil, 
and other liquids. When we expose to the sunlight 
phosphorus dissolved in ether, oil, or hydrogen gas, it in- 
fetftntly sep.irates under the form of red phosphorus; it 
nndei^es very rapidly this modification in violet light, 
or in glass vessels of a violet color. The light of the 
sun makes it easily enter into fusion in nitrogen gas, but 
it does not melt in hydrogen, and in the torricelHan 
vacuum it sublimes in the form of brilliant red scales" 
(Berzelius, Traiie, torn, i., p. 258), 

Again, when speaking of phosphuretted hydrogen, he 
says: "Exposed to the influences of the direct solar light 
this gas is decomposed, a part of the phosphorus sep- 
arates under the foim of red phosphorus, and is depos- 
ited on the interior surface of the glass. If we cover 
the vessel which contains the gas imperfectly, no phos- 
phorus is deposited on the covered spaces" (/A,, torn, i., 

p. alio). 

As Berzelius does uot give these e.^penments as his 
own, and I do not know to whom we are indebted for 
them, I repeated soiue of them. Among other corrobo- 
rative results it appeared that a piece of phospboms of 

pale or whitish color, in a vessel filled with pure and 
carbonic-acid gas, placed in the sunshine, rapidly 

bibited the phenomenon in question. Eventually the 
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phosphorus became of a deep blood-red color, aud 
the sides of the glass towards the light feathery crysl 
formed, the tint of which bore a close resemblance 
that of the red prussiate of potash. 

Since the invention of the chlor-hydrogen photometer 
I have been able to observe more closely the habitudes 
of chlorine. In the descriptioii given of that instiliment 
it is recommended to cast aside the first observation, be- 
cause it never gives an accurate estimate of tbi 
effect When a mixture of chlorine and hydrogen 
exposed, hydrochloric acid does not immediately for 
but a preliminary absorption is necessary, aud then at the 
end of a certain period contraction begins to take place. 

Such a photometer exposed to the daylight is much 
too powerfully affected to allow the successive stages 
of change to be distinctly made out; the preliminary 
modification is accomplished so rapidly that the iudii 
tions of it are merged and lost in the contiaction whii 
instantly follows. It is necessary therefore that 
should operate witli a small lamp-flame. 

To such a flame I exposed a mixture of chlonne and 
hydrogen, and marked the number of seconds which 
elapsed before contraction, arising from the producti( 
of hydrochloric acid, took place. The first indicatii 
of movement occurred at the close of 600 seconds. 
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These observations, therefore, prove that a very lata 
amount of I'adiant matter is absorbed before cheraic| 
combination takes place, and that in the case of chlori 
and hydrogen the total action is divisible into t^ 
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periods: the iirat during which a simple absorption is 
taking place without a chemical effect, the second during 
which absorption is attended with the production of 

ijdrochloric acid. 
The facts which I am endeavoring to set forth promt- 

lently in this Memoir are — 1st, the preliminary modifi- 
itiona just discussed; and, 2d, the persistent character 

if the change impressed upon chlorine when it has been 
exposed to the sun, an effect wholly unlike a calorific 
effect, which would soon disappear. 

By resorting to the clilor-hydrogen photometer we ob- 
tain information equally distinct upon the second point, 
that the preliminary modification is not a transient effect 
which flt once passes avrny, 1jut is, on the contrary, a per- 

Istent change. 
I modified the chlorine and hydrogen contained in the 
instrument, and ki'pt it in the dark for ten hours. On 
exposure to the lamp-rays it moved after a few seconds, 
showing, therefore, that the change impressed on the 
chlorine was not lost. In the former case 600 seconds 
had elapsed before any movement was visible. 

When, however, we remember that the invisible im- 

iges on daguerreotype plates, and eveu photographic im- 

iressions on surfaces of resin, and probably all other 
similar changes, are slowly effaced, it would be prema- 
ture to conclude that modified chlorine does not revert 
to its original condition. I have sometimes thought 
that there were in several of my experiments indications 
that this was taking place, but would not be understood 
as asserting it positively. Whether it be so or not, one 
.thing is certain, that the taking on of this condition and 
iihe Ios8 of it is a very different affair from any transient 
exaltation of action due to a temporary elevation of tern- 
iperature, or the contrary effect produced by cooling. 

, April Hi, ISK. 
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MEMOIR XX. 

ON THE ALL0TE0PI8M OF CULOEINE AS CONNECTED Wmi 
THE THEOay OF SUBSTITUTIONS. 



CoNTBNTS : — C/ihrine exixU in two states, active atid pasitife. — J)ec 
iition of ieaCrr by it in ike sunlight. — Facta eonnecttd wifk thii 4 
composition. — The rdatiims of rhlorint and hif<lroi/en. — Th^ cUlol{ 
pism of ckionm. — Connfcd'wt of these factv mth the theory of ml 

tulions. 

The researches of 5[. Dumas on cbemical types Iia^ 
shoAVD tliat between chlorine and hydrogen remnrkalil 
relations exist, indicating that the electrical charact* 
of elementary atoms are not essential, but rather iiB 
dental properties. The extension of these researches 
has given much weight to the opinion that the electro- 
chemical theory may be regarded as failing to account 
for the replacement of such bodies as hydrogen by cbll 
vine, bromine, oxygen, etc. I do not know that j 
any direct evidence has been offered that the electric* 
character of an atom is not an essential quality, but one 
that changes with circumstances. It appears to be 
rather a matter of inference than of absolute demonstt 
tiou. 

It is the object of this Memoir to furnish such din 
evidence, and to show that chlorine, the substance whi^ 
has given rise to the discussions connected with ' 
theory of substitutions, under the very circumstaurt 
contemplated, has its electro-cliemieal relations changed. 

More than two years ago I brought befoi-o the Britiali 
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Association some of tbe fiicts. The connection of these 
ixpenmenta with the discussion between the theory of 
ubstitutions and tbe electro-chemical theory is obvious. 

Very recently M, Berzelius has published nn impor- 
ant paper on the allotropism of" simple bodies, the ob- 
ject of which is to point out that many of those bodies 
can assume difterent qualities by beiug subjected to cer- 
modea of treatment. Thus carbon furnishes three 
forms — charcoal, plumbago, and diamond. 

To a certain extent these views coincide with those 
which have offered themselves to me from tbe study of 
She properties of chlorine. They are not, however, al- 
together tbe same. M. Bei'zelius infers that elementary 
bodies can, as has been said, assume under varying cir- 
uraatances different qualities. The idea which it is at- 
tempted to communicate in this Memoir is simply this, 
[hat a given substance, such as chlorine, can pass from a 
rtate of high activity, in which it possesses all its well- 
known j)roperties, to a state of complete inactivity, in 
tvhich even its most energetic affinities disappear. And 
that between these extremes there are innumerable in- 
termediate points. Between tbe two views there is, 
Jterefore, this essential difference: from tbe former it 
ioes not ajipear what the nature of the newly assumed 
woperties may be; from the latter they must obviously 

i of the same character, and differ only in intensity or 
legree — dimiuisliiug from stage to stage until complete 
nactivity results. 

In the case of chlorine the same activity which is com- 
nunicated by the indigo rays can also be communicated 
jy a high temperature, or by the action of platinum. 

The points which this Memoir is intended to establish 
U-e — 

I. That chlorine gas can exist under two forms. In 
ibe same way that metallic iron can exist as active or 
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passive iron, cliloinne can assume tbe active or passiiij 
state. 

II. Having establislied tbe fact of the allotfopism < 
chlorine, I shall then show its connection with the the*~ 
ory of substitutions of M. Dumas, and how the most re- 
markable points iu that theory may be easily accouuted 
for. — 

The time, perhaps, has not ypt airived for oft«nng-j 
complete mechanical explanation of the assuniptic 
an active or passive state. It may be remarked that i 
very trivial modification of our admitted views of the r 
lation between atoms and their properties is all that j 
required to give a consistent explanatiou of every one fi 
these facts. Instead of regarding the specific qualitia 
of an atom as appertaining equally to the whole of it i 
the aggregate, we have merely to assiune that there is i 
relation between its properties and its sides, and tb 
any force which can make it change its position upon il 
own axis will throw it into the active or passive statf 
But this is nothing more than the well-known idea t 
the polarity of atoms. 



omena of the Decomposition of Watei- hy ChU})-im 
in the Mays of the Sun, 

From the various facts which might be employed ■ 
offering the means of establishing the allotropism < 
chlorine, I shall select those which arise from an exa: 
ination of the phenomena of the decomposition of i 
aqueous solution of chloriue by the rays of the sun. 

For many years it has been known that an aque< 
solution of chlorine undergoes decomjiositiou by the i 
tion of the solar rays. Several of the most remarkfl^ 
phenomena connected with this decomposition appearl 
have beeu overlooked. Among such may be mentiom 
the singular fact that chlorine which has beeu thus i 
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Ifltienoeil by the sun hns obtained the quality of effecting 
fftliis decomposition subsequently, to n. measured extent, 
leven in the dark. Not to anticipate what I have to 
Ipfler on this point, I shall now preceed in the first place 
» establish the vavious facta connected with the decom- 
position in question. 

Having provided a number of small glass vessels, con- 

■isting of a bulb and neck of the capacity of from 1.5 to 

1 cubic inches, I filled them with a solution of chlorine 

recently boiled water, and inverted them in small 

glass tottles containing the same solutioa, as shown 

fin Fig. 44. With these bulbs the followiug esper- 

f imeats were made: 

I. An aqueous solution of chlorine does not de- 
lompose in the dark. 

One of the bulbs was shut up in a dark closet, 
"and kept there for a week, being e.vamined from p's" 
time to time. No decomposition was perceptible, for no 
gas collected in the upper part of the bulb. 

II. An aqueous solution of chlorine decomposes in the 
Uiglt. 

One of the bulbs was placed iu a beam of the sun re- 
flected into the room by a heliostat. For sixteen min- 
ntes no change was perceptible, then small bubbles of 
Jgas made their appearance; they increased in quantity 
por a time, but finally the speed of decomposition became 
nniform. On analysis by explosion with hydrogen, after 

Flashing out any chlorine contained in it, this gas was 

V found to contain 97 per cent, of oxygen. 

III. The rapidity of this decomposition depends on 
|*he (piantity of the rays and on the temperature. 

In various repetitions of these experiments on differ- 
Pent days I soon convinced myself that the rate of evo- 
UiitioD of the oxygen depended on the quantity of the 
■Toys. Among other proofs I may mention this: After 
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ascertaining the rate of decomposition in the reflect* 
beam, if the bulb be set in the direct sunshine the I 
blea increase in number; the total quantity of oxygf 
evolved becoming greater in the same space of time, 4 
effect obviously due to the difference of intensity of td 
reflected and incident beams. When a certain point I 
gained, apparently no further increase of effect ' 
place on increasing the brilliancy of the light, as I founi 
by employing a convex lens. 

With respect to the influence of temperature. If, 
while one of the bulbs is actively evolving gas in the 
Bun-rays, it be wai-med by the application of a spirM 
lamp, the amount of gas thrown otf' becomes vei-y niucT 
greater. A difference of a iew degrees produces a still 
ing eflect. As an illustration of this I placed in the SUH 
shine Im-o bulbs which were nearly alike, except tha 
one of them was painted black with India-ink on thfl 
portion which was farthest from the sun. The ra^ 
coming through the tianspareut part had access to thi 
solution, and then, impinging on the dark side, raised in 
teniper.iture. On measuring the quantity of g 
lected, it was found — 



IV. Tlie decomposition of water, once begun in thi 
sunbeams, goes on afterwards iu the dark. 

1st. This very important fact may be established in i 
variety of ways. Thus, if a bulb be removed from the 
sunshine wliile it is actively evolving gas, and be placed 
in the dark after all the gas has been turned out of it, a 
slow evolution continuously goes on, the gas collectir^ 
in the upper part of the bulb. 

2d. A bulb, A, Fig, 4ft, having a neck, b, the end < 
which was bent at c upwards at an angle of about 4 
degrees, was employed. After exposure to the sun, ' 



THE ALLOTROPISM OF CHLORINE. 



289 



o 



s^ertiiig the bulb, and with one finger dosing tht; ex- 
Bttiity c, the gas disengaged eouUl be tiiins- 
ed to a graduated vessel and measured. ■ 
tisfied myself by several variatious of this 
ngeiueut that the small quantity of water 
iroduced froHi time to time when the gas 
tbbl« escaped from the end of tlie tube f 
eited no essential iiitiuence on the phenom- ^^'^'^ 

The following table shows the amount of gas 
olved in the dark during the periods indicated. 
The Imlb having been exposed to the sunshine, in ten 
inutes the evolution of gas commenced, and in an hour, 
t07 cubic incli having collected, this was thrown away 
,d the arrangement placed in the dark. To prevent 
I undue escape of the chlorine, tlie fiat piece of glass 
Was laid on the open end of the tube <'. In each suc- 
Bive hour the fjuantlty of gas given in the following 
ble waa then evolved : 



Fipsi hour.. 
Secrin.1 " .. 
Third ■' ., 

FifiU •• .. 
Sixth " ., 



id for four days afterwards gas was collecting in the 
lib in diminished quantities. 

V. This evolution of gas in the dark is not merely a 

idual escape of oxygen, oi'iginally formed while the 

solution was exposed to the sun, but is traceable to an 

infinence continuously exerted by tlie cblonne arising in 

(perties it has acquired during its exposure to the 



a bulb which has l)oen exposed to the sun be raised 

n spint-lamj) to such a temperatui-e tliat its gaseous 

constituents are rapidly evolved, its exti-emity dipping 

beneath some of the solution in the bottle, after allouing 

T 
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a sofficient space of time for the disengaged chlorine to 
he redissolved, nnd the oxygen he turned out of the 
hulb, it will he found on keeping the arrangement in 
the dark that oxygen will slowly disengage as hefore. 

Now there is every reason to believe that any small 
amount of oxygen dissolved in the liquid would he ex- 
pelled with the chlorine at a high temperature. We 
therefore have to infer that the chlorine after this treat- 
ment still retains the quality of causing the decompo- 
sition to go steadily forward. 

The oxygen Mlnch thus accumulates in the course of 
time in the dark, after an exposure to the sun, does not 
arise from any portion of that gas held in a state of 
temporary solution, nor from peroxide of hydrogen, nor 
from chlorous acid in the liquid undergoing partial de- 
composition. From any of these states a high temper- 
ature would disengage it, 

VI. The evolution of gas is not of the nature of a 
fermentation ; for when it once sets in, the molecular 
motion is not propagated fi-om particle to particle, 
affects only those originally exposed to the rays. 

Let a hulb he filled with chlorine- water which 
heen exposed to the sun, and in a second bulb jdace a 
quantity of the same liquid equal to about one third of 
its capacity. Fill up the remaining two thirds with 
chlorine- water which has lieen made and kept in the 
dark; and after keeping both bulbs in obscurity for 
some days, measure the volumes of gas they contain, 
the qualities of chlorine which has heeu changed 
exposure were communicable by contact or close pi 
iraity from atom to atom, we might expect that both the 
bulbs would yield the same quantity of gas; hut this is 
far from being the case, and in such an experimeui 
found that the bulb containing the mixture gave 
one fourteenth of the gas found in the other. 
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Vn. Tbe quantity of gas thus collecting in the dark 
l^ependa on the intensity of the original disturbance, 
Vliich in its turn depends on the time of exposure to 
Be rays, to tlieir intensity, and other such conditions. 
, other words, the rays are perfectly definite in their 
Ktion — a long exposure giving a larger amount of fiiib- 
quent decomposition, and short exposure a less amount, 
k On exposing a bulb filled with chlorine- water to the 
■ys until bubbles of gas began to appear, and a seooud 
ne until the decomposition had been actively going on 
Ibr a quarter of an hour, and then transferring both to 
the dark and measuring the oxygen collected at tlie end 
of a day, I found in the former one twelfth of what was 
.collected in the latter. 

VIII. In a given quantity of chlorine -water, the de- 
iDTuposition in the dark corres}ionding to a given e.xpos- 
re to the light having been peiformed, and the proper 
Oantity of oxygen evolved and tlie phenomenon ended, 
i can be re-established from time to time, as long as 
ny chlorine is found in the liquid, by a renewed expos- 
ire to the sun. 
lo n glass vessel, like Fig. 46, which, indeed, was noth- 
; more than one of Liebig's dry- 
; apparatus, I placed a sufficient 
oantity of chlorine -water to fill 
ie lai^er vessel, and the vertical 
abes half full. After exposing 
lis to the light for a certain time, 

ntil decomposition had fairly set in, I placed it in the 
ark and found that for several days it gave off gas — 
lie quantity continually diminishing. Finally, no more 
was evolved. But the liquid still contained free 
llorine, as was shown by its color, I therefore again 
xposed it to the sun, and, repeating the former observa- 
ion, found tliat it evolved gas for several days in the 
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dark. A thin! exposure was followed by the same re- 
sult. 

The form of this vessel renders it veiy conveoient for 
thette experiraeiits; because when sufficient gas has col- 
lected for the purpose of observation, it is easily removed 
by inclining the instrument, without the necessity of 
introducing fresh quantities of liquid. 

Having found, as has been said, that the rapidity of 
the decomposition depended to a certain extent on the 
temperature, it seemed desirable to determine whether 
heat alone could bring about the change, 

IX. The decomposition of water by chlorine is not 
brought about by mere elevation of temperatui'e when 
the liquid Is set in the sunbeam; although heat accel- 
erates, it does not give rise to the phenomenon. 

Ist. I raised by a spirit-lamp the temperature of one 
of the bulbs nearly to its V)oiling- point, until so much 
gas was given off that all the liquid was expelled from 
the tube to the bottle beneath. If at this temperature, 
which probably was higher than 200" Fahr., chlorine 
had been able to decompose water, an ecpiivalent quan- 
tity of oxygen would have been produced ; but on al- 
lowing the apparatus to cool, all the gas was reabsorbed 
with the exception of a small bubble, amouuting in vol- 
ume to xuVt of the water. This bubble, which was left 
after the chlorine was recondensed, I found in three dif- 
ferent experiments contained 32, 33, and 36 per cent, of 
oxygen, the remainder being nitrogen ; but this being 
nearly the constitution of the gas dissolved in ordinary 
water, the soui-ce from which the small bubble came 
was inferred to be the water used in these experiments. 

2d. One of the bulbs was painted black all over with 
India-ink. Its temperature now rose much higher t1 
in former experiments when it was set in the san, 
not a bubble of oxygen appeared. 
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X. When chlorine-water Ims been exposed to tbe sun, 
e oxygen accumulated in it is readily expelled by rais- 

the ttmperature. 
Having exposed one of the bulbs used in the last ex- 
mraent until it was actively evolving gas, I raised its 
tinperatme with the spint-lanip until tlie bulb was t'nll 
■gas. But on cooling this gas did not all condense as 
; the last instance, a large quantity remained behind, 
his was oxygen. 

These ninth and tenth facts are of further interest, as 
taring upon a question much discussed by chemists — 
he nature of the bleaching compounds of cldorine. The 
ihlonde of lime, and other such substances, probably 
ave the same theoretical constitution as chlorine- water, 
urzelius and Balard suppose that in this solution clilo- 
us or hypochlorous acid exists. It might be inquired, 
this be the condition of things, why does not au ex- 
)sare to heat alone evolve oxygen, for chlorous acid is 
rceedingly liable to decomposition by slight elevation 
if temperature, and we should be justified in inferring 
hat if any of this acid is to be found in chlorine-water 
t would be decomposed at the boiling-point. M. Mil- 
m adopts the view that the bleaching compounds are 
letallic chlorides analogous to the corresponding per- 
cides. But the ninth fact seems incompatible with this 
iew. If chlorine- water be analogous to peroxides of 
ydrogen, and this last be what its name imports, and 
Dt merely oxygenated M\iter, it is difficult to understand 
'hy, when chlorine-water is thus boiled, oxygen is not 
iven off. If the atom of chlorine and the atom of oxy- 
BQ in this body are placed under the same relations to 
le atom of hydrogen, it seems necessary that the chlo- 
ine atom at 212° Fabr. should expel the oxygen atom 
intl hydrochloric acid form. It is probable, indeed, that 
be two oxygen atoms in peroxide of hydrogen are re- 
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lated to their hydrogen atom with different degrees of 
affinity, and that one of theoi is retained far more loosely 
than the other. But this would correspond to our ideas 
of oxygenized water and not of peroxide of hydrogen, 
and lead us to the conclusion that the solution employed 
in this Memoir is strictly a solution of chlorine in water. 

XI. The decomposition of chlorine- water, when placed 
in the sunbeam, does not begin at once, but a certain 
space of time intervenes, during which the chlorioe i 
undergoing its specific change, 

I need quote no further instance of the truth of tM 
than the experiment given in support of the second fact 
This is the same phenomenon which takes place when 
chlorine and hydrogen are exposed together; they do 
not begin to unite at once, but a certain space of tiq| 
elapses, during which the preliminary absorption is t 
ing place, and when that is over union begins. 

On the RtUdiom of Chlorine and Hydrogen. 

We have thus traced the cause of the decomposition 
of water, in the case before us, to a change impressed ou 
the chlorine by exposure to the rays of the sun. In this 
decomposition three elementary bodies are involved-^ 
chlorine, oxygen, and hydrogen. 

We can therefore reduce the problem under discussid 
to simple conditions, and study the relations of each < 
these substances to each other and to the solar raya g 
cessively. 

When a mixture of oxygen and hydrogen gases, in t 
proportion to form water, is exposed to the most brillial 
radiation converged upon it by convex lenses, union doj 
not ensue ; the reason being, as I have shown, that th<N 
gases ai'e perfectly transparent to the rays, and do i 
possess either real or ideal coloration. For the 
cause, water exposed alone for any length of time to t 
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lUD, or to tlie influence of a large convex lens, does not 
iecompose. It is transparent, and cannot absorb any of 
he rays. 

But, as is well known, a mixture of chlorine and hy- 
irogeu unites, under the same cireuuistanoes, with an 
splosion. I have formerly i)roved that this depends on 
,he absorption of the indigo rays. For in the indigo 
ipace of the spectrum the action goes on with the great- 
sst. activity. 

If, therefore, this phenomenon be due to absorption 
taking place by the mixture, it is easy to determine 
he function discharged by each of its ingredients. 

I transmitted a ray of light through hydrogen gas 
lootained in a tube seven inches long, tbe ends of which 
ivere terminated by pieces of flat glass; and then, dis- 
jrsing the ray by a flint-glass prism, received the result- 
ing spectrum on a daguerreotype plate. Simultaneously, 
by tbe side of it, I received the spectrum of a ray which 
iad not gone through hydrogen, but through a similar 
tube filled with atmospheric air. On comparing the im- 
pressions together, I could find no difference between 
them. 

I therefore infer that hydrogen gas does not e.tert 
wiy absorptive action on the solar rays. 

In one of the foregoing tubes I placed dry chlorine 
gas^ the other containing atmospheric air as before, and 
receiving the two spectra side by side on the same da- 
Tierreotype plate, I found that a powerful absorption 
lad been exercised l>y the chloiine. All the chemical 
rays between the fixed line H and the violet termination 
' the spectrum were removed, and no impression cor- 
wpondiug to their place was left upon the plate. Ou 
repeating this experiment so as to determine with pre- 
MsiDu tbe rays which had been absorbed, I found that 
■hlorine abaorba all the rays of the spectrum included 



296 



TfUC ALLOl'ROPISH OF CHLOHINE. 



CMm 



between the fixed line i and the violet temiinstion, 
is probably affected by all those waves the lengths 
which are between 0.00001587 and 0.00001287 
Paris inch ; and inasmuch as it absorbs luminous raj 
included between the same limits, it is to this absorptii 
that its yellow color is due. 

In these Memoirs the same result is established by me 
in another way. I fouud that a ray which had passed 
through a given thickness of a mixture of equal vol 
of chlorine and hydrogen lost by absorption just half 
much of its original intensity as when it passed thr 
the same thickness of pure chlorine gas; a result whicl 
obviously leads to the conclusion that when chlorine 
and hydrogen unite under the influence of the sun, they 
discharge different functions — -the chlorine an active, and 
the liydrogen a passive function. The primary action 
or disturbance takes place upon the chlorine, and a dl 
position is communicated to it enabling it to unite rei 
iiy with the hydrogen. 

By arranging in the spectrum a series of tubes coa- 
taining a mixture of these gases, it was found that 
the gases placed in the indigo space went into imiou 
first. 

These vanous experiments enabling me thus to ti 
to the chlorine the source of disturbance, I have next 
remark that chlorine which has been exposed to the i-Ri 
of the sun has gained thereby a tendency to unite wil 
hydiogeu not possessed by chlorine made and kept 
the dark. In proof of this fact I may cite an experi 
from Memoir XIX. : 

"In two similar glass tubes place equal voluraea 
chlorine made from peroxide of manganese and hydl 
chloric acid by lamplight, and carefully screened fr 
access of daylight Expose one of the tubes to the full 
sunbeams for some minutes, or, if the light be feeble, for a 
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quarter of an hour: the chlorine in it hpcomes modified. 
Keep the other tube during this time carefully in a dark 
I place ; and now, by ]araplight, add to both equal volumes 
Bf hydrogen gas. These processes are best carried on 
1 a small porcelain or earthenware trough, filled with a 
laturated solution of common salt, which dissolves chlo- 
rine slowly, and to avoid explosions operate on limited 
Juantities of the gases. Tubes that are eight inches 
long and half an inch in diameter will answer very well. 
The two tubes now contain the same gaseous mixture, 
and only diti'er in the circumstance that one is modified 
Bud the other not. Place them, therefore, side by side 
before a window, through which the entrance of daylight 
can be regulated by opening the shutter; and now, if 
tbis part of the process is conducted properly, it will be 
seen that the modified chlorine commences to unite with 
he hydi-ogen, and the salt water rises in that tube. But 
Ihe unmodified chlorine shows no disposition to unite 
(pith its hydrogen, and the liquid in its tube remains 
motionless for a long time. Finally, as it becomes slow- 
ly modified by the action of daylight impinging on it, 
nnion takes place. From this, therefore, we perceive 
that chlorine which has been exposed to the sun will 
jnite promptly and energetically with hydrogen ; but 
blorine which has been made and kept in the dark 
iiows no such property," 

This form of experiment may be supposed imperfect, 
ince the chlorine is in a moist condition and confined 
y water. I have therefore made the following vari- 
;ioD : 

I took a tube, A, Fig, 47, six inches long and half an 
ich in diameter, closed at one end and open at the 
ither, and cemented its open end on a piece of flat plate- 
•lass, M N, one inch wide and two long, ground on both 
idea, and having a hole,^, one sixth of an inch in diam^ 
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eter perforated tbrough it. This hole was 
not in the centre of tlie glass, but towards 
one side, as shown in the figure. The interior 
of the tube was perfectly clean and dry. 

A second tube, B, consisting, as 8ho\m in 

Fig. 47, of two portions; a wide poi-tion, 

and a narrower tube, c, was ceiueuted on j 

other piece of ground plate-glass, similar i 

the foregoing in all respects. The tube \ 

was open at its lower exti"euiity, and the entire ea[>aci^ 

of B and c conjointly was adjusted so as to be equal I 

the capacity of A. 

Next I tilled A with dry chlonne, and B c with ( 
hydrogen, and kept them from mixing until the pre 
time by operating in the following way : I 
placed the ground glasses face to face, as 
shown iu Fig. 48, with a small quantity of 
soft tallow between them, arranging them 
in such a way that the aperture which led 
to the interior of A was open. 

Through this aperture dry chlorine waa 
conveyed. It was generated by a mixture 
of peroxide of manganese and h^'drochloric 
acid in the flask D, Fig. 49, and passed along a tube, E, 
filled with chloride of calcium. A slender glass tube,/, 
conveyed it to the bottom uf 
A, which was then filled by 
displacing the atmospheric 
air. When A was supposeil 
to be full of chlorine, it was 
slowly IoH*ered so as to bnng 
the tube out of the aperture, 
and as soon as it was disen- 
gaged the glass plates were 
moved in such a manner by 
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on one another that the aperture leading 
into A was shut, but that leaJing into B was open. 
The vessel A was thus filled with dry chlorine and se- 
curely closed. 

In the next place I filled B with dry hydrogen, which 
was done as follows: To a bottle, G, Fig. 50, containing 
dilute sulplnirie acid and zinc, a drying- tube, 
K, of chloride of calcium was adjusted, and at 
Its upper end a coik, h, anauged so as to re- 
leive tightly the tube c. In a short time, 
therefore, B became full of dry hydrogen, the 
surplus escaping through the open aperture^. 
The two ground-glass plates were now moved 
on one another in such a manner that they 
mutually clos&l one another. The vessel A 
waa therefore filled with dry chlorine, and the 
vessel B c with an equal volume of dry hydro- 
gen, without communicating for the present 
with one another. 

I had provided two sets of these tubes as 
Dearly alike as they could be made, and operated with 
them in the following manner: 

In a dark room I filled the tube A of each of them 
prith dry chlorine in the manner just described, and con- 
ined it by sliding the plates. One of the tubes was 
stained in the dark room and kept carefully screened 
l^m the light, but the other was set for half an hour in 
tiie sunbeams. The chlorine which was in it underwent 
i^ie specific change — the object of this Memoir to de- 
Bcribe. 

After restoring this tube to the dark room and wait- 
ing a few minutes for it to gain the same tem|)erature 
I the other, the tubes B c of each set were filled with 
Jry hydrogen in the manner described. In each in- 

Jice, as 300U as the plates were moved on each other 
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SO as to confine the hydrogen, and they were released 
from the cork h of tlie diying-tnbe K, Fig. 50, the lower 
exti-eniity of each was dipped beneath the surface of 
some water coutained in a saucer, P, Fig. 51 ; the t' 
sets of tubes being h< 
steadily in a proper p< 
tiou by the aid of a woodi 
frame, Q K, Tiie tubes noi 
diftereii fi'om one anothi 
in nothing but the cii-cum- 
stance that the chlorine of 
one had been expose<l 
the sun, and that of 
^'S'^"- other had not. 

The gases were now brought in contact. This wi 
easily done by sliding each pair of ground gla 
their apertures coincided, as shown at p in Fig. 51. Tl 
hydrogen now rose thiough the hole into the upper 
sel, the chlonne descending through it, mutual and pf 
feet diffusion of the two gases rapidly taking plai 
This was done by lamplight in the dark I'oom. Al 
now it could be ascertained that the gases were at t) 
same tempeiature in the different tubes, and that the 
experiment had thus far been eai-ned on successfully, by 
the water retaining its level at the same point in th< 
tubes c of both sets. If that which had been in 
sunshine was warmer than the other, as soon as 
apertures coincided a bubble of gas would have esca| 
through the water, or at all events the level would bai 
changed. 

It remained now to open the shutter of the dark room, 
the tubes having been previously set in such a position 
that the light would fall equally on both. As soon 
this was done, the chlorine which had been ex| 
the eun united at once with its hydrogen, and the wal 
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Use in the tube c. But in tLe other, which had not 
>een exposetl to the sun, no movement took place until 
.he gases had had time to he modified by the light coni- 
ng through the open shutter. 

When care has been taken to have the gases made 
quite dry, and, owiug to the narrowness of the tube c, no 
aqueous vapor has had time to contaminate the gas in B. 
80 that no water is present to condense the hydrochloric 
acid as it fonus, a little delay may be occasioned in the 
liquid rising in the tube, the chlorine of which was ex- 
posed to the sun. But after a time a mist arises in the 
neighborhood of the water in the narrow tube, due to 
the hydrochloric acid condensing, and then the process 
goes forward with regularity. 

It appears, therefore, that chlorine by exposure to the 
BUD contracts a tendency to unite with hydrogen which 
is not possessed by chlorine which has been kept in the 
dark. 

On the Alhtmpwn of Chlorine, or its Passive and Act- 
ive iSiatfS. 
In what, then, does this remarkable change impressed 
by indigo rays upon chlorine consist? This is the ques- 
tion immediately arising tVora the phenomena we have 
bad under consideration. 

To this I answer that when chlorine has been thus in- 
fluenced its electro-negative properties are exalted, and 
b has passed from an inactive to an active state. 

It is now fully estaVdished that a great nninber of the 
^ementary bodies undergo similar modifications. Many 
if them can exist in no less than three different states, 
md these peculiarities are impressed on the compounds 
o which they give rise. To these peculiarities Bcrze- 
lius directed the attention of chemical plnlosophera 
to hut Memoir "On the AHotropiam of Simple Bodies, 
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and its Relation with Certain Cases of Isomerism 
their Combinations." He shows that of the elemeui 
bodies now known, many uiulouljtedly exist in sev 
allotropic states, and infei^ that all are liable to anal 
ogoiis modifications. He indicates that the isomei-ism 
of componud l)odies is due sometimes to the ditl'erent 
modes in which the atoms of which their coostitiient 
molecules consist are grouped, and sometimes to the dif 
ferent allotropic states in which one or the other of thi 
elements is found. Thus, as M. Milieu has remark* 
the intrinsic difTei'enee between carbnretted hyd 
gas (CH) and ottar of roses (CH), which are isonn 
bodies, may jwrhapa consist in this, that in the fori 
the carbon is under the form of common charcoal, and 
the latter under the form of diamond. 

The following instances fmra Berzelius may ser 
examples of these allotropic states: 

Carbon is known under three forms — charcoal, plum- 
bago, and diamontl. They differ in specific gravity, in 
specific heat, and in their conductifig power as respects 
caloric and electricity. In their relations to light, the 
first peifectly absorbs it, the second reflects it Hki 
metal, the third transmits it like glass. In theii 
tions with oxygen they also differ surprisingly; t\u 
are varieties of charcoal that spontaneoiiRJy take fir 
the air, but the diamond can only be burned with diffi- 
culty at a high temperature in pure oxygen gas. The 
second and tbii-d varieties do not belong to the saiM 
crystalline form, m 

Silicon exists also under two forms. In its first q 
burns with facility in the air under a slight elevation of 
temperature. But if it be previously exposed to a strong 
red heat it changes into the second variety an * 
incombustible, so that it will not oxidize wl 
with nitrate of potash in the hottest part of a 
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I flame. As is well known, there are two forma of silicic 
I Acid: one soluble in water and liydrocLloric acid, but 
■ passing into the insoluble state by being previously 
I made red-hot. The silicon therefore cai'ries in its com- 
I bination tlie same properties that it exhibits in tlie free 
latate: 

lu the same manner it might be shown that sulphur, 
jeleniuDi, phosphorus, titanium, chromium, uranium, tin, 
ridium, osmium, copper, nickel, cobalt, and a rai'iety of 
(pther bodies, exist under several different forms, with 
distinctive properties that are often well marked. In 
several of them the influence of this allotropic condition 
is plainly carried into the comirounds, as is well shown 
ia the two vaiieties of arsenic which give rise to the two 
ATsenious acids. 

The i)assage from one allotropic state to another takes 
place commonly through the agency of apparently very 
tlivisl causes, such as a slight elevation of tempei'ature 
^nd the contact of certain bodies. Thus iron, which is 
) easily oxidized under ordinary circumstances, appeare 
to lose its affinity for oxygen after it has been touched 
Under the surface of nitric acid by a piece of platinum. 
Jt then puts on the attributes of a noble metal, and sim- 
ulates the properties of platinum and gold. 

This remarkable instance of the passage from an act^ 
ve to a passive state, as Berzelius remarks, may lead to 
I conjecture respecting the true condition of certain 
;ases. No one can reflect on the inactivity of nitrogen 
jas under ordinary circumstances, contrasted with its 
qually extraordinary activity as a constituent of organ- 
D boiliea, without being struck with the apparent con- 
lection of that phenomenon with these of allofropiam. 
lad though Berzelius with his customary caution mere- 
y insinuates that nitrogen can exist under two forms, 
he facts here developed in relation to chlorine appear to 
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show that that opinion rests oil sometliiug raore solid 
than conjecture. The habitudes of many of the gaseous 
bodies strengthen this conclusion. Oxygen refuses to 
unite when luixed with hydivgen precisely in the man- 
ner of chlorine, and it requiies a certain modification to 
be made in the electronegative element before water or 
hydrochloric acid can result. 

Just, therefore, in the same manner that so many ele- 
mentary bodies can put on under the influence of exter- 
nal causes an active or passive condition, I infer, as the 
result of the e.vperiments brought forward in this Mera- 
oir, that chlorine \3 one of these allotropic bodies, having 
a double form of existence. That, as commonly prepared, 
it is in ita passive state; but that on exposure to the 
indigo rays or other causes it changes and assumes an 
active form. That, in this latter state, its affinity for 
hydrogen becomes so great that it decomposes water 
without difficulty, as in the experiment which this Mem- 
oir is designed to illustrate. 

On the Melatioii of the Preceding ConcJimum witit Ote 
Theory of Sabstitutiom. 

Having thus explained the facts which appear to indi- 
cate the allotropism of chlorine, I shall now offer some 
considerations on its connection with the theory of sub- 
stitutions of M. Dumas. 

Admitting the fuct that the electro-negative qualities 
of chlorine are exalted upon its exposure to the iudigu 
rays, and that the resulting effect is not a terai>orary 
change, but one lasting for a considerable period of time, 
we can give a very plain and simple account of the 
composition of water by this gaseous substance unt 
the influence of sunshine. 

On the same pnnciple that a mixture of chlorine and 
hydrogen may be kept in the dark without union for a 
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mg time, SO may a solution of chlorine in water be pre- 

ed. The ehloiine is in an inactive state. 
But if anything be done to make the chlorine take on 
other fomi and pass to the active condition — if it be, 
example, set in the sunshine — its affiuity for hydro- 
in is eshihited and decomposition is the result. 
The qualities thus communicated to the chlorine not 
ing of a transient kind, but remaining for a length of 
\ we see how it is that after an exposure to the sun 
decomposition is subsequently carried forward in the 
dark. 

The indisposition of chlorine to unite with carbon, 
'hich fans been regarded as a singular quality, is not 
lore remarkable than its indisposition to unite with hy- 
Irogen in the dark. 

If the power assumed by chlorine of uniting with hy- 
irogen and carbon depends on a change in its electrical 
elations — a passage from the passive to the active state 
-we might expect that those various causes which in 
e case of other elementary bodies bring about anal- 
J0U8 changes, and throw them from one allotropic con- 
ition to another, would here also exercise a perceptible 
itioD. Among such causes we may enumerate the ac- 
an of a high temperature and the contact or presence 
■ other bodies. 

It may be remarked, in the instances to which Berze- 
M has referred, that exposure to a high tem])erature is 
le of the most frequent causes of alloti-opic change. In 
le case of chlorine the remark holds good, for, as is 
ell known, when a mixture of chlorine and hydrogen is 
thmugh a red-hot tube, hydrochlonc acid forms 
ith rapidity. The high temperature, therefore, impreas- 
on chlorine the same tendency to unite with hydrogen 
rhich is communicated by the solar rays. 
But the contact of other bodies frequently determines 
U 
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in a given substance an allotropic change. Thii; 
a piece of iron is placed in nltnc acid in contact witli 
platinum, the iron becomes less electropositive, or, what 
is the same thing, more electro-negative, than it was be- 
fore, and the acid can no longer oxidize it The contact 
of the vei'y same substance, platinum, determines an an- 
alogous change in chlorine— giving it at once the capac- 
ity of uniting with hydrogen. The poious condition of 
spongy platinum is not essential to the result, for cleau 
platinum foil exhibits the same phenomenon. 

In the case of iron, the action of a high temperature 
or the contact of platinum throws the metal from tht- 
active to the passive state; in the case of chloriue the 
same causes apparently produce the opposite result, 
throwing the gas from the passive to the active state. 
But the difference is rather in appearance thau in real- 
ity. In Vjoth cases it amounts to the same thing, and ia 
an exaltation of the electro- negative qualities of either 
sul)stance respectively. 

The same causes, therefore, which produce allotropic 
changes in other bodies produce analogous changes lu 
chlorine. 

Now, among the physical facts connected with the 
theory of types and substitutions, two are prominent: 
1st. The union of chlorine with hydrogen, giving rise t» 
the removal of that hydrogen as hydrofhloric acid. 2d. 
The subsequent function discharged by the chlorine, 
which has entered as an integrant portion of the mole- 
cules, and occupies the place of the hydTOgen removed. 
This function is in many instances that of the hydrogi 
itself, and it is this fact which is the remarkable point I 
the phenomena of substitution — that an intensely elj 
tro-negative body can act the part of a jiositive bo( 
It is this fact which is leading chemists to the conclusifl 
that the properties of compound bodies aiise as ma 
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Hotn the mode of groupiug of tljeir constituent atoms as 
Kora the qualities of those atoms themselves. 

■ But, if it be admitted that the expeiiuients related in 
pliis Memoir establish the allotropism of chlorine, then it 
Bb plain that a very different and perhaps satisfactory 
HCCQtmt of the phenomena uf substitution may be given. 
^■Ajl' lins been already said, no difficulty can arise in 
^HpQliting for the removal of hydrogen from organic 
PBodies, or tor the R\-»t fact just alluded to. This remov- 
hl will ensue whenever processes are resorted to which 
Bring the chlorine into an active state. When we ex- 
bbse acetic acid and chlorine to the sun, the latter bu- 
bomes active, gains the quality of uniting with hydrogen, 
Mod chlor-acetic acid forms. Probably the same change 
Kould be brought about by the aid of spongy platinum 
Bud heat. 

B Upon the second fact — the similarity of function dig- 
■Jharged by the chlorine which has replaced the hydro- 
Ken atoms with the function of those atoms themselves — 
b flood of light is thmwn by other phenomena of allot- 
nopism. If a piece of iron be dipped in hydnited nitric 
Ipcid, though it may be acted on for a few moments, it 
■«pidly becomes pa-^sive. And so with the chlorine 
Btoms which have substituted the hydrogen. In the 
Bircu instances in which they are placed they rapidly re- 
Wreii, from the active to the passive state. They are no 
Bonger endued with an intense electio-negative quality 
B— they have assumed the condition of inactivity. The 
BM: that chlorine in chlor-acetic acid simulates the func- 
■taons of hydrogen in acetic acid is not more remarkable 
than that iron touched by platinum under nitric acid 
siiuultttes the pi-operties of that noble metal. 

■ Do not, therefore, these circumstances seem to point 
But that if we admit the fact that simple substances can 
Bxist iu different states, in a passive and an active form, 
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the phenomena of substitution are deprived of much of 
their singularity. 

Thus, to recall once more the e.xample to which I ha%'e 
before referred, and which has been so well illustrated 
by the researches of M. Dumas, the transmutation of 
acetic into chlor-acetic acid exhibits a double phenom- 
enon. 1st. The existence of active cblonne, expressed 
by the removal of hydrogen, activity having been com- 
municated by the rays of the suu, or by some other ap- 
propriate method. ;?d. The existence of passive chlorine 
in the particles of chlor-acetic acid. 

I consider that, were no other instances known, the 
two cases cited by Berzelius of the double forms of silicic 
acid and ai"senious acid establish the fact that a given 
allotropic condition may be continued by au elementary 
atom when it goes into union with other bodies. And 
I regard the various cases in which hydrogen is replaceil 
by iodine, bromine, etc., in which, in the resultinij com- 
pound, those energetic electrivnegative elements fail tn 
give any expression of their presence and activity, as 
analogous to other common and too much overlooked 
facts. Chlorine which is in the dark may be kept in 
contact with hydrogen without exhibiting any of its 
latent energies. Touched by an indigo ray, it instantly 
assumes the active state, and a violent exjilosion ia the 
result. 

To use, therefore, the same nomenclature to which 
Berzelius has resorted in the case of other allotropisms, 
we may designate the ordinary form of chlorine made 
by the action of hydrochloric acid on peroxide of man- 
ganese as Cl/3, and admit that this passes into the con- 
dition Clo by the action of the solar rays, contact of plat 
inum, or a high temperature; and that in nny case ( 
substitution the hydrogen is removed under the 
dition Clo, and the resulting compound contains I 



.XS.J 



THE iVLLOTKOPISM OF CHLORINE. 



30'J 



I 



he asauraption of the passive state disguising the pi'es- 
[eute of the tlectio-negative atom. 

Tli« explauation here giveu of tlie phenoiiieua of 
substitutions involves the jjosition that cliloiine when 
brought in relation with carbou uudt-r certain circuni- 
stances is thrown into the passive state, the state CIj3. 
i"We naturally look for direct evidence that this is the 
caae. It seems to me that there are many well-known 
chemical facts tending to establish the passive condition. 
In the first caae to which we turn, the chlorides of car- 
bon, the inactive state is established in a striking man- 
ner. The affinity e.\isting between chlorine and carbon 
is apparently feeble ; yet when these bodies have once 
united the chlorine is brought into such a condition 
that it has lost the quality of being detected by the or- 
dinaiy tests which determine its presence. How strong- 
ly does this contrast with the case of hydrochlone acid! 
A feeble affinity unites carbon and chlorine, an intense 
affinity unites hydrogen and chlorine; yet in the former 
caae the chlorine is undiscoveiable by the commonest 
tests, in the latter it yields to them all. And the causes 
are obvious; in the one case it is in the passive, in the 
other in the active condition. 

I have hitherto spoken of the active and passive 
states as though they were fixed points in elementary 
bodies, and as though the transition from one to the 
other were abrupt and sudden. I have done this that 

ibe views here offered might be unembarrassed and dis- 
nct. But there are many facts which serve to show 

ihat the passage from a state of complete activity to a 

ite of complete inactivity takes place through giadu- 

3. Thus, in carbon itself, there are undoubtedly 

many intermediate stages between the almost spontane- 

.ously inflammable varieties and diamond, which, under 

■mmon drcurastances, is incombustible. Bei'zelina ad- 
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liiits tliree alloti-opic conditions of this body, Co, C^, 
Bttweeu the first and last terras of this seriea it is prob- 
able that several intermediate bodies besides plumbago 
might be fouml, their existence establishing the gradual 
passage from one to the other state. 

For similar i-easoiis, in this Memoir the illustratioi 
and arguments given have for the most part been 
stricted to one subject, chlorine. It need scarcely 
pointed out, in conclusion, that if the views here offei 
be true, vei-y much of this reasoning may be transferi'cd 
to other bodies, as oxygen, nitrogen, hydrogen, sulphar, 
etc. When oxygen and hydrogen are mixed, there is no 
disposition exhibited by them to unite; and this does 
not arise from their happening to have the gaseous fori 
As in the instance we have been considering, if they 
exposed to a high terapei'ature, or to the influence 
platinum, the active condition is assumed with prompt 
tude, and union takes place. 

The power possessed by carbon of throwing bod' 
into a completely passive state is far fi-oni being limited 
to chlorine. It reappears in the case of sulphur. The 
sulphide of carbon yields to none of the tests to whic] 
we commonly resort for determining the presence of 
phur, for the simple reason that its sulphur is in an im 
tive state. This substance, moi-eover, serves to illustr 
what has been said of the gradual passage of bodies 
from a state of complete activity to one of complete in- 
activity. Berzelius recognizes tor it three different all 
tropic states — an alpha, beta, and gamma condition, 
none of these is it in that condition of absolute inactii 
ity which it assumes in the sulphide of carbon.* 



* For these oxainplei. the clilaride and sulphide of carbon, I am indolited lo I 
Millon'a paper, " Remnrks on the Klementi which Cmnpoce Orgnnic 8nh«Mnce>, «[ 
fin their Mode of Comhitmtion, "in (he Con^iet Amtfu, t. xJx., p. 70S. Utoicl 
ill, boHevcr, givw n very diSTeieni Bxplanaiion of the phenomenii inrolved. 
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lo offering these experiments anil arguments to the 
consideration of chemists, I am fully awave of the mag- 
nitilde of the change which would be impressed on the 
science generally, and especially on several modern theo- 
ries, by their reception. The long-established idea of 
the immutability of the properties of elementary bodies 
would, to a certain extent, be sacrificed ; and it is prob- 
able that before these results are conceded more cogent 
evidence of the main principle will be required, lu the 
meantime, however, it is plain that the admission of 
these doctrines throws ranch light on theories now ex- 
tensively attracting attention, and for that reason they 
commend themselves to our consideration. I have of 
fered no opinion here on the atomic mechanism involved 
in these changes from an active to a passive state, 
though it is impossible to deal with these things with- 
out the reflection arising in our minds that here we are 
on the brink of an extensive system of evidence con- 
nected with the polarity of atoms — -an idea which, under 
a variety of forms, is now occurring in every department 
of natural philosophy. 

■HIVBRSITTOF NkW W-RH, Julg 'ii), 1845. 
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MEMOIR XXI. 

OS THE DTFLrENCE OF LIGIIT UPON" CHLORINE, AS^D SOU! 

REMARKS ON ALCHEMY. 

From iho Philosophical MagaziDe, November, 1857. 

C0NTKNT8 : — ModiJicatioR of ehloTiiu! by the Mun-rays. — The modifieaA 
is Mit traiunenl. — Alchemical attetnpts to motlify metals. — i' 
of silver ekloride tu a bumtny-ieru. — T/u rtsuUing gilver it n 

upon by niCrie acid. 

Several years ago I observed that when a mixture 
of chlorine aud hydrogen is exposed to light, union does 
not occur at once, l)Ut that a certain time must ela^ 
during which absorption takes place, the combinatiol 
then proceeding in a uniform manner. 

It 19 by the chlorine that this absorptive agency is t 
ereised, the indigo ray being mainly concerned. Ani 
not only is it that ray which is thus absorbed: to i 
must be attributed also the subsequent combination. 

Among several other facts connected with this 8ubje( 
which may be found in the Philosophical Magazi^ 
(July, 1844), The Anwricaii Jiminial of Science, Vtq 
XLIX., and other publications of that time, there is odj 
to which I would particularly direct attention. Chlifl 
rine which has been exposed to the sun has obtained 
properties not possessed by chlorine which has bet 
made and kept in the dark, and the change is by i 
means transient. It lasts for many hours, and even dftVl 

In their recent examination of this fact, Professor Bun" 
sen and Dr. Roscoe do not appear to regard the modifi- 
cation in question as being of so permanent a nature 
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'erhaps it may have been that tbe insolation to which 
ley submitteil the chlorine was not continued sufficient- 
long, oi- perhaps the light was not sufficiently intense, 
■y opinion was founded on three different conditions of 
le experiment — 1st. On the behavior of chlorine itself 
infined over salt water; 2d. On the effect of a mixture 
chlorine and hydrogen in equal volumes as disengaged 
(in hydrochloric acid by a voltaic current; 3d. On the 
tion of a solution of pure chlorine in distilled water, 
each of these instances, the active properties imparted 
the chlorine by exposure to light were plainly per- 
iptible for a long time after. Indeed, I infer from the 
:perimeuts of those chemists that they found the effects 
' continue for a certain Vjrief period. If they do so 
mtinue, though only in a momentary manner, after the 
fht has been shut off, I do not see in what other man- 
ir we are to explain the result than on the principle of 
change in the relations of tbe chlorine. In this inter- 
Btation it is very well known that Berzelius coincided 
his account of my experiments in the Annual HepoH 
»r 1847. 

At first I thought that there was a general analogy 
itween the case of chlorine thus thrown into an active 
ite and that of iron in its passive condition. An iron 
ire which has been made passive will quickly revert 
the condition of activity if submitted to any jariing, 
ibration, or other trivial disturbance; its passive state 
ing in one sense pennniient, though veiy easily lost. 
at subsequently I found many reasons for supposing 
lat the impression is of a much more lasting nature, 
;d resembles that on phosphorus after a similar expos- 
e to the indigo rays. As an illustiation of what is 
re meant, I may relate that having obtained a thin 
ratum of perfectly M*hito phosphorus between two 
of glass, I exposed it to a motionless solar spec- 
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trum, and found tbat it turned to a darlv-ln'own color in 
those spaces on wliieb tlte more refrangible rays fell, the 
effect reaching a maximum under the indigo ray. Th« 
fixed lines of Fraunhoter were very prettily depicted, as 
white streaks, particularly the large ones at II. I kej't 
the sample of phosphorus for several years without its 
showing any disposition to resume the active state. 

Professor Buusen and Dr. Roscoe dwell very appro- 
priately on the disturbing effects of minute quantities of 
extraneous gases mingled with chlonne on photo-eheni- 
ical induction. No one who has used a chlur-hydrt^u 
photometer can have failed to make a similar remark. 
My attention has been directed to that stilijeet iu its 
more general aspect, and I will ingenuously confess thai 
I have made several attempts at the transmutation 
metals, on the pnnciple of compelling them, by the 
of solar light, to be disengaged from states of combiDft! 
tion in the midst of resisting or disturbing media. 

The following is a description of one of these alchem- 
ical attempts: In the focus of a burning-lens, twelve 
inches in diameter, was placed a glass flask, two inches 
in diameter, containing nitric acid diluted with its own 
volume of water. Into the nitric acid were poured alter- 
nately small quantities of a solution of nitrate of silver 
and of hydrochloric acid, the object being to cause the 
chloride of silver to form in a minutely divided state, so 
as to produce a milky liquid, into the interior of which 
the brilliant converging cone of light might pass, and the 
currents generated in the flask by the heat might drift 
all the chloride successively through the light. The 
chloride, if otherwise exposed to the sun, blackens mei 
ly upon the surface, the interior parts undergoing 
change; this difficulty I therefore hoped to avoid, 
burning glass promptly brings on a decomposition of 
salt, evolving on the one hand chlorine, and disengagil 
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I metal on the other. In one experiment the exposure 

isted from 1 1 A.M. to 1 P.M. ; this was, therefore, equal 

Fto a continuous miilday sun of seventy-two hours. The 

jnetal was disengaged readily. But what is it? It 

cannot be silver, since nitric acid has no action upon it. 

tit burnished in an agate mortar, but its reflection is not 
like the reflection of silver: it is yellow. The light 
must, therefore, have so transmuted the original silver 
Jis to enable it to exist in the presence of nitric acid. In 
1837 1 published some experiments on the nature of 
this decomposition in the Journal of t/ie Frankliji In- 
stitute. 

Though this experiment, and several modifications of 
' it which I might relate, fail to establish any permanent 

I change in the metal under trial, in the sense of an actual 
tJ'ansmutation, it does not follow that we should despair 
of final success. It is not likely that Nature has made 
fifty elementary substances of a metallic form, many of 
them 90 closely resembling each other as to be with dif 
ficnlty distinguished. Moreover, chloiine and other ele- 
mentary substances can be changetl by the sunlight in 
Bome respects permanently ; and if silver has not thus far 
^0 transmuted into a more noble metal, as platinum 
r gold, it has at all events been made transiently into 
(omething which is not silver. Those who will reflect 
, little on the matter cannot fail to observe that the 
i-rays really possess many of the powers once fabu- 
ously imputed to the powder of projection and the phi- 
her's stone. 
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MEMOIR XXIL 

"ONllIE ACTION OF GLASS AND QUAKTZ ON THB": 
ATI0N8 THAT PRODUCE PHOSPHORESCENCE. 

From the Philoiophicid Mugiuiue, Aug.. 1844. 

Contents : — Pkoiphoreacenfe h</ ra>f» from a Ltydeii tparh thro 
quartz. — from Che voltaic arc. — /( w oeeasioaed by the % 
ffible rays. — Imperviousness of glaan. — frofeinor ffmry'a exptrimi 
— Comparitoti of the cktmicat and photphoroiftnit rayt. 

At the distance of six inches from the termination8 of 
two blunt wii'es, between which the spai'k fi-om a Ley- 
deti-jai' was causeil to pass, I placed a lens of quartz, the 
focus of which for parallel rays was six inches, and theii 
intercepted the resulting beam by a diaphragm, with a 
circular aperture in it one third of au inch in diaiuel 
I had caused an equiangular prisra of quai-tz to be 
and polished from a large and faultless crystal ; it 
cut transverse to the axis. This prism I placed in such 
a way that, in dispersing the beam coming thi-ough the 
circular aperture, I got nd of double refi-actioii and ol 
tained only one spectrum ; this was received on a mi 
plate, which, having been washed over with gum-wi 
and sulphide of lime dusted on it, offered a unifoi 
phosphorescent surface which might be set in a vertM 
plane. When the spark passed, I saw that the pli 
was phosphorescing on those portions where the mi 
refrangible rays had fallen. 

But the transient light of a Leyden spark did not last 
long enough, nor was the phosphorescence it produced 
powerful enough to enable me to conduct the experiinent 
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I in a way entirely satisfactory. I resorted, therefore, to 

I the brilliant light oVjtained when a piece of metal, or, 

I what is better, the hard variety of carbon obtained from 

I gas-retorts, is lowered upon mercury entirely filling a 

I very small open porcelain cup, and the continuous dis- 

I charge of a voltaic battery passed. The battery used 

I contained fifty pairs of Grovels cells, but a smaller num- 

I ber would have been amply sufficient. 

I As soon as the light was emitted, I marked on the 

f lime sulphide the beginning of the red, the centre of the 

I yellow, and the termination of the visible violet ray. 

Then, stopping the current, I examined on what parts 

the plate was phosphorescing. The commencement of 

the glow was between the indigo and the blue; towards 

the blue it extended far beyond the visible boundaries 

of the spectrum. I could not see any divisions or points 

. of maximum in it. The surface of the plate shone all 

t.over except in the region of the less refrangible rays, 

fc;flnd there were traces of the negative action which M. 

I Becciuerel has ilhiatrated in the cases of the solar ema- 

rnations — rays which, however, were first observed in the 

Llast century. 

It is necessary to remark that the rays from the voltaic 
ftdischar^ resemble those from an electnc spark in their 
vinability to pass through glass. On this observation all 
Ithe value of the foregoing experiment depends. 

But it can nevertheless be easily proved that although 

pglass is impervious to the phosphorogenic emanation 

Incoming from the voltaic deflagration of any metallic bod- 

f ies, the phservatioii applies to transient discharges only. 

A voltaic light which lasts but a moment fails to cause 

phosphoreacence through glass in the same way that an 

, electi'ic spark does; but if the disehaige be continued 

■the surface presently begins to glow, and if maintained 

br several minutes it shines as brightly as though a 

liiece of qiKirtz had been used. 



The inability of an electric spark to cause phos]»lior 
eacenee ia connected with its transient duration. The 
voltaic light enables us at pleasure to imitate the effects 
of an electric spark or those of the sun. The phosphi 
ogenie rays, wliether they originate in an electric spi 
or from the sun, occupying thus the same place 
spectrum, and even exhibiting the same peculiarities 
the chemical rays on iodide of silver, we have next to 
termine whether this is an apparent or a positive ideiitil 

Professor Henry, of Princeton, read a paper before the 
American Philosophical Society, in May, 1843, in which 
he discussed all the leading mechanical projterties oft! 
phoaphorogenic rays, and, among other important es]: 
imenta, made some with a view of deteriuining this [i 
ticular question. A daguerreotype plate and some lime 
sulphide wei-e simultaneously exposed to the sky: the 
plate was stained, but no effect was produced on the 
lime. A daguerreotype plate and some lime sulphide 
were exposed to the light of an electric spark ; the lime 
was observed to glow, but no impression was pi-oduced 
on the plate. When the plate was exposed to a succes- 
sion of sparks for ten minutes with a sheet of mica iDte^ 
posed, an impression was made. Lime exposed to 
moon did not phosphoresce, but a sensitive plate uudi 
the circumstances is said to be stained. In view 
these different facts, Professor Henry observes: "Thi 
experiments, although not sufficiently extensive, apj 
to indicate that the phosphorogenic emanation is distil 
from the ehemical, and that it exists in a much greater 
quantity in the electric spark than either the luminoaa 
or chemical radiation." 

From Wilson'a experiments it appears that he 
aware that when the phosphorescent surface is wai 
BO as to hasten the disengagement of light, the moon- 
beams may be found to have left traces of action npoa 
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it, fceble, it is true, but nevertlieless veiy apparent. We 
have seen, also, that the peculiarity of an electric spark 
. due to its transient tluratiou. Before, therefore, a 
Snal decision can be obtained on this point, we are re- 
quired to examine the effects of the chemical rays and 
phosphorogenic emanations under circmiistances which 
re precisely similar as to intensity and time. 
For the transient rays of an electric spai'k, quartz is 
transparent and glass is nearly opaque. Having pre- 
pared a bromo-iodized silver plate so as to be exceeding- 
jf sensitive, I set iu front of it at the distance of about one 
ifail-d of an inch a disk of quartz and one of crown-glass 
if equal thickness, and between a pair of copper wires, 
the interval of which was three eighths of an inelj, I 
Dassed the spark of a Leydenjar fifteen times; the dis- 
ance between this spark and the sensitive plate was 
ibout two inches. On mercurializing this plate, it was 
deeply whitened all over, equally so through the glass, 
through the quartz, and on the uncovered spaces; but a 
^)ot of sealing-wax which I had put on the glass left its 
ttiadow on the plate beautifully depicted, so also were 
the edges of the glass and the quartz. The two disks 
overlapped one another to a certain extent, but the cor- 
ieponding portion of the silver plate was as deeply 
itained there as anywhere else. 

Next I put a surface of lime sulphide in the place of 
tliie daguerreotype plate, everything else remaining as be- 
'jre. Oil passing fifteen sparks the lime phosphoresced 
lowerfully under the quartz, but not under the glass, so 
ihat the difference between its shadow and that of the 
pot of wax cuuld not be distinctly seen. 

For these reasons, therefore, I adopt the view ex- 
iressed by Professor Henry, that the phosjihorogenie 
manation and the chemical rays are distinct. Under 
llie same circumstances glass is transparent to the one, 
k> the other it is opaque. 
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MEMOIR XXni. 

ON A REMARKABLE DIFFERKNCE BETWEEN THE HATB i 
mCASDESCENT LIME AND TOOSE EMITTED BY AN 
ELECTRIC SPARK. 
From the Philosophical Mugaiine, December, 1645. 

Contents : — Non-permeahiUty of glam tn spark radiations, — Ptrmtakil- 
ity to calcium-light radiations. — Difftrent rtfrangibilitt/ of the spark 
and the calcium-Hght radiations. — Shml(tais imhtdded in Canton's 
phosphorus. — Evolution of old shadows ia an order of succession. 



Some years ago M. Becquerel discovered that the rays 
of an electric spark, if transmitted tbrough a screen 
glass, could not excite the phosphoreeceDce of lime 
pbide. 

To make this experiment, wash a metallic plate over 
with gnin-water. Dust upon it fi-om a fine sieve a quan- 
tity of Canton's phosphorus (oyster-shells calcined with 
sulphur), and allow the plate to dry. A uniform surface 
is thus obtained suitable for these purposes. Place be- 
fore that surface a piece of glass and a jiiece of polished 
quartz, and discharge a Leyden-jar a few inches otT, so 
that the rays of its spark may fall on the plate. It will 
be found that under the quartz the phosphorus will 
shine as much as on the spaces that ha%'e not been cov- 
ered, but under the glass it will remain almost entirelj 
dark. 

Last winter I observed the curious feet that when 
experiment is made with a piece of lime incandescing 
a stream of oxygen directed through the flame of a spiiti 
lamp, the glass, so far from being unable to transmit 
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lys, appears to be as transparent to tbem as quartz or 
iiiiosphei'ic air. 

A screen of glass is opaque to the pliosphoTOgeiiic 
iys of an electric spark, but it is quite trauspamut to 
ose of incandescent Urae. 

It might be supposed that the very brief duration of 

electric spark lias something to do with this phenom- 

ion, but the voltaic arc passing between charcoal points 

,ves the same results. I caused its rays to impinge on 

plate for thirty seconds, and observed the obstructing 

*ect of glass in a veiy satisfactory manner. That a 

certain portion of the rays passes through may be 

shown by continuing the light for a few minutes, when 

the phosphorus will begin to shine under the glass. 

I came to the conclusion, also, that the transient dura- 

n of the light had nothing to do with the phenomenon, 

tecause the lime light occasions phosphorescence through 

gla-is in the space of a single second, but in that time 

the rajs from a voltaic arc conid not traverse a piece of 

glass 80 as to produce a sensible effect; the phosphorus 

beneath it ajtpearing quite tiark, and yet thif* light is in- 

Lcomparably brighter than the lime light. 

^L The blue light emitted when a platinum wire in con- 

^Blection with one pole of the voltaic battery is brought 

^^OWD upon some mercury in connection with the other, 

And the gi-een light obtained when the copper wires are 

the medium of discharge, appear to produce the same 

effect as charcoal points. 

It is therefore neither the color nor the duration of 
the light that determines this result. It seems to depend 
on a peculiarity of the electric discharge. 

Some time ago I determined the refrangibility of the 

rays of an electric spark which e.xcite phosphorescence 

io lime sulphide; they are founil at the violet extremity 

of the spectrum. I have made attempts to ascertain the 

X 
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position of the active rays of incandescent lime. Tliey 
cannot pass throiigli the blue solution of amnionio-iiul- 
phate of copper, but through the red solution of sulpho 
cyanide of iron, and also through a strong solution of 
bichromate of piitash, they pass; in the latter case al- 
most as copiously as tbrougli atmospheric air. 

The phospbo Isogenic rays of au electric spark are in 
the violet space, but those of incandescent lime are at 
the other extremity of the spectrum. 

An Argand lamp, «'hen made to burn very brightly, 
emits phospliorogenic rays which traverse glossi. As 
has been proved long ago, the sun-rays possess the same 
pi-operty. 

Thus, therefore, the rays of incandescent Hme, of au oil- 
lamp, and of the sun can excite phosphorescence through 
glass, and differ from those of au electric spark or voltaic 
discharge, in which that peculiarity is deficient. 

I have also remarked some curious cases of spectral 
appearances. They are analogous to those instance::! ti' 
which I first drew public attention iu 1840, and which 
at a later date M. Moser brought before the British As- 
sociation. They are interesting as afibrding au ocular 
proof of secondary radiation. The following experiments 
may serve as illustrations: 

Place a key or any other opaque object before a sensi- 
tive phosphorescent surface, and having made that sur- 
face glow intensely by a voltaic discharge between char- 
coal points continued for two or three minutes, on re- 
moving the key an image of it will of coui-se be seen. 
This image in a short time will disappear. Then shut 
the plate in a dark place, whei-e no light can have access 
to it in the daytime. If in a day or two the surface be 
carefully inspected in the dark, no trace of anything wi 
be visible upon it; but if it be laid on a piece of wai 
iron, a spectral image of the key is suddenly evolved 
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It is still more curious that a number of these latent 
images may co-exist on the same sui-faee. Provide a 
phosphorescent surface on which the latent image of a 
key impressed a day or two before by a voltaic discharge 
is known to exist. Take some other object, as a metal 
ing, and setting it before the suiface, dischaige at a 
ihort distance a Leydeu-jar. The phosphorus shines all 
)ver, save on those portlous sliaded by the ring; it ex- 
libits, therefore, au imago of that body. This image 
loon fades away and totally disappears. Set the plate 
low upon a piece of warm iron ; it soon begins to glow, 
Hnd the image of the ring is first repi^oduced, and as it 
declines away the spectral form of the key gradually un- 
folds itself, and after a time it totally vanishes. 

A series of spectral images may thus exist together 
DU a phosphorescent suiface, and after remaining there 
latent for a length of time, they will come forth in their 
proper oi-der on raising the temperature of the suiface. 
The idea that phosphorescence is merely the light of 
, electric discharge from particle to jiarticle seems to 
me wholly incompatible with such results. 
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MEMOIR XXIV. 

ON THE ELECTRO-MOTIVE POWER 0¥ HEAT.' 

From tbe Pbiloaophical MigmiDe, June, IH40; llnrper'» Maguiae, No. 33S. 

Contents: — MrperimeaUd arraaijemenl to determint the tltetro-molxrt 
power. — Temperatures rahalattd from quantitiet of eleetritily. — /s- 
ertnte of tentiQit leilk inerfoge of Itmpfrature. — Depend* on increatrd 
Ttsiilance to rnnduetion. — Quanlily of eUetrieltij iftdrpendenl of hented 
turface, — In tkermo-eieetric pile* the quanlily of eleeln'cily i» propor- 
tional to the number of pain. — Best formt of construction of thrrmo- 
eleetric pairs. 

From the Memoir of M. Mflloni "On the Polarization 
of Heat," inserted in the second part of the fii-st volinue 
of Taylor's "Scientific Memoirs," we learn that M. Bee- 
tiuerel, as well as himself, had made experiments to de- 
termine the quantities of electricity set in motion by 
known increments of heat. From these espenments 
they conclude that thi-ough the whole range of the tber- 
mometric scale those quantities are directly proportional 
to each other. 

But as thermo-electric cnrrents are now employed in 
ft variety of delicate physical investigations, and as there 
appears to be much misconception as to their character, 
I propose in this Memoir to show — 

1st. That equal increments of heat do not set in 
tion equal quantities of electricity. 

2d. That the tension undergoes a slight increase with 
increase of temperature, a phenomenon due to the in- 
creased resistance to conduction of metals when their 
temperature rises. 

3d. That the quantity of electricity evidved at an' 
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jiveu temperature is independent of the anioiint of heat- 

1 suifacei a mere point lieing just as efficacious as nti 

lefiuitely extended siiiface. 

4th. That the quantity of electricity evolved in a pile 

bf pairs is directly proportional to the number of the 

felements. 

First, then, as to the comparntive march of electiic de- 
elopinent with the rise of temperature in the case of 
lirs of different metals. 

The experimental arrangement which I have em- 
ployed is i-epresented 
ID Fig. 52. A A is a [|a 

glass vessel, about 
hree inches in diame- 
er, with a wide neck, 
hrough whit-h can V)e 
Dserted a mercurial 
hemiometer, !>, and 
e extremity of a pnir 
' electro-motoric wires. The wires I have employeil 
ave generally been a foot long and one sixteenth of an 
pch in diameter. The extremities, S, nf the wires thus 
ptroduced into the vessel ought to be soldered with hard 
iplder; their free extremities dip into the glass cups d, 
\ filled with mercury, and immersed in a trough, e, con- 
iftining water and pounded ice. By means of tlie cop- 
' wiresy f, one si-tth of an inch thick, communication 
I established with the raercnry-cnpa of the galvanom- 
The coil of this galvanometer is of copper wire 
DC eighth of an inch thick, and making twelve turns 
oly round the needles, which are astatic. The devi- 
Itions were determined by the toi'sion of a glass thread. 
~ ; is surpnsing to those who have never before seen 
1 experiment with what promptitude and accuracy a 
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copper and iron wire soldered tlius together will ii 
cate temperatures. 

In the juTHugement now described, when an experi- 
ment has to be made, the vessel A A is to be filled 
two thirds full of water, the bulb of tlie thermometer 
being so adjusted as to be in its middle, the soldered 
extremity S of the two wires being placed in contact 
with it, and a small cover with suitable apertures ad- 
justed on the top of the vessel, so that the steam aa ik 
is generated may rush up alongside of the tube of tfl 
thermometer and bring the mercurial column in it M 
a uniform temperature. If the extremity of the thermo- 
electric pair be allowed to rest on the bottom of the 
glass vessel, no accurate results can be obtained ; the 
pair does not then indicate the temperature of the 
water. The communicating wires yy' are then placed in 
the cups, the trough e filled with water and pounded ice, 
and carefully surrounded with a flannel cloth. The wa- 
ter in the vessel A A is then gradually raised to tbe 
boiling-point by means of a spirit-lamp, and kept at that 
temperature until the galvanometer needles and the ther 
mometer are quite steady. The same plan must be fo] 
lowed when any other temperatui'e than 212° is urn 
trial, for the thermo-electric wires changing their tem[ 
ature more rapidly than the mercury in the thermoi 
eter, it is absolutely necessary to continue the experi- 
ment for some minutes to bring both to tbe same state 
of equilibrium. 

When a temperature higher than 212" Fahr., but 
der a red heat, is required, I substitute in place of 
vessel A A a tabulated retort, the tubuhire of which 15 
large enough to allow the passage of tbe bulb of the 
thermometer and the wires, A quantity of raercni 
sufficient to fill the retort halffnll, is then introdui 
and the tubulure being closed by appropriate pieces 
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Dapstone, the net-k of the retort is incliued upwards, so 
tbat the vapor as it rises may condense and drop back 
;ain without incommoding the operatoi'. As in the 
Ibrmer case, it is here also necessary to continue each 
speriment for a few minutes, to bnng the thermometer 
md thermal pair to the same condition. There is not 
(Duch difSculty in obtaining any required temperature, 
iby raising or lowering the wick of the lamp. 

The metals I have tried were in the fonn of wires. 
iThey were in the state found in commerce, and therefore 
not pure; they were obtained in the shops of Philadel- 
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In this table I have estimated the temperature of 
boiling mercury at 602° Fahr. The quantities of elec- 
tricity evolved, as estimated by the tojsion of a glass 
thread, are ranged in columns under their con-esponding 
^temperatures. Each series of numbers is the mean of 
')ur trials, the differences of which were often impercep- 
ibie, and hardly ever 
amounted to more than 
Me degree. 

Now if this table be 
wnstructed, the tem- 
jratiii-es being ranged 
klong the a-xia of abscis- 
, and the quantities 
of electricity being rep 
resented by correspond- 
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ing onlinates, we shall have i-esulta simihir to those givi 
in Fig. 53, iu which it is to be observed that the curv( 
given by the systems of silver and iron, copper and 
and palladium and iron are concave to the axis of ab- 
scissas; but those given by platinum aud copper, silver 
and palladium, and platiuiim and iron are convex. 

Let us now apply the numbers obtained by these sev- 
eral pairs fur the calculation of tenijieratures, which nnll 
set their action iu a more striking point of view. Tl 
following table contains such a calculation, on the si 
position that for the 90 degrees from 32° Fahl". to 1 
Fiibr. the increments of electricity are pi-oportional to 
temperatures. 
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We are therefore led to the general conclusion that 
Hiese six different syntemn of -mekih tlw dtvt'hpments 
electincity do ?i/>t increase proportionuUi/ with the tetHj 
azures, htU in some with greater rapidity and in oi 
with kss. 

The results here given I have corroborated iu a vari- 
ety of ways and with a variety of wires. A pair con- 
sisting of copper and platinum gave for the temperature 
of tin when in the act of congealing 452° Fahr. instead 
of 442" Fahr., the point usually taken. For tlie melting- 
point of lead it gave 942^° Fahi-. instead of 612° Fahr. 
The melting-points of tin, leail, zinc, and occasionally of 
antimony and bismuth, were in this manner employ* 
for they allow time for the Movking of the torsion 
auce, and with the exception of bismuth, their tempi 
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tare appears to be steady all the while they are in a 
Quiar conditiou before they finally solidify. The ac- 
ion of these metals ou the therm o-eleotric pair is easily 
prevented by dipping it into a cream of pipe-clay, 

. pair of copper and platiimm gave fur a dull red 
[at 141fi°Fahr.,aml for a bright red 2103° Fahr. 
A pair of palladium and platinum gave for a dull red 
|850' Fahr., and for a bright red 2923° Fahr. 

Some of the combinations into which iron enters as 

I element give rise to remarkable results. Thus, if w<t 

reject the curve given by a system of copper and iron 

we shall find it resem- 

iog Fig. 54, where 

: maxinmni ordinate 

' occurs at a temper- 

pture of about 650° 

; the point c ap- 

wars to be given between 700 and 800 degi-ees; dhy a 

, red heat; e is very nearly the point at which an 

alloy of equal parts of brass and silver melts, for if the 

pair be soldered with this substance, it fuses when the 

nttedles have returned almost exactly to the zero point. 

"Vith harder solders or with wires simply twisted, the 

irve may be traced on the opposite side of the axis 

(owards/, its ordinates increasing with regularity. At 

' Fahr., taking the length of tlie ordinate correspond- 

bg to a temperature of 213° Fahr. as unity, the length 

f the maximum ordinate at b is 1.85, very nearly. 

I A system of silver and iron gives also a similar curve, 

pie point b occurring at a temperature rather higher 

ban the analogous one for the preceding system, but 

mi below the hoiling-point of mercury. 

I Now, all these things serve to show that we cannot 

letermine with accuracy unknown temperatures by the 

Bd of thermo-electric currents, on the supposition that 
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the increments of tlie quantities of electricity are propor- 
tional to the increments of temperature throughout the 
range of the mercurial thermometer. 

Let us now pass to the second proposition : "That the 
tension undergoes a slight increase with increase of tem- 
perature^n phenomenon due to the increased resistance 
to conduction of metals when their temperature rises." 

It will be seen, on consulting the tbilowing table, that 
pairs of different metah at the same temperature have 
tensions which are apparently very different. 

The currents the tensions ot which are here indicated 
were generated by keeping one end of ttte thermal pair 
in boiling water, the other ends being maintained at a 
temperature of 32° Fahr. 



A p«lt of 


TeuBlau. 


Apuit.ir 


TelulOB. 


AmimonyaiidUitnath.. 


.187 

.18» 
.307 


I'lnlinura and iron 

Copiier nnd pUlinum 

PlniiopmrindiHillndiam.. 


.470 






Silver .<i.d i-lalinum 













I 



We perceive, therefore, tliat there apparently exist 
specific differences in the qualities of electric currents 
derived from different soni-ces. If, for example, we take 
a pair of platinum and palladium and expose it to a tem- 
perature which shall generate a current capable of de- 
flecting the torsion balance through lOdO", and then 
obstruct it by a wire of such dimensions as to stop one 
half, or only allow 500" to pass, and repeat the experi- 
ment with a cuixent generated by bismuth and antimo- 
ny, the temperature being still so adjusted as to give ft 
deflection of 1000°, on making this pass through the 
same intercepting wire, perhaps not much more thaD on 
eighth of it will go through the galvanometer. 

This peculiarity of thermo-electric currents depeoi 
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1 the coinlucting resistance of tlie system that generates 
hem. It is possible to give a current a higher or a 
ower tension by siraply making use of thin or thick 
rires to generate or to carry it. In the foregoing table 
he current, from platinum and palladium had a high 
ension, because slender wires of those metals happened 
o be used to generate it; and the current from antimo- 
ly and bismuth had a low tension because thick bars 
t)f those substances were employed. In the former case, 
the conducting resistance was greater than iu the latter, 
'mud hence the tension of the current was higher. 

That this is strictly true will appear on examining the 
nrrent evolved by any number of systems under the 
'Same condition of resistance to conduction. 

In a great number of trials I failed in getting any 
trustworthy results as respects tension of currents at 
high temperatures, on account of the difficulty of main- 
taining the thermo-electric pair at the same degree with- 
,out variation. By employing, however, a snudl black- 
lead furnace, to which was adapted a covered sand-bath 
into which the M'ires could be plunged, I succeeded at 
last; for with this arrangement a regulated temperature 
Oould be kept up for a length of time. 

The experiment was made with care in the case of 
iwo systems of metals: 1st, copper and platinum; 2d, 
lopper and iron, 

1st. At the boiling-point of water, a pair of copper and 
ulatinum, the nnesoited extremity of which was cai-efnlly 
Daintained at 67" Fahr., evolved as a mean of four trials, 
bree of which were absolutely identical, 12.T of electric- 
ty, of which 2'i° could pass a secondary wire. 

Then, by the aid of the furnace and sand-bath, the 
emperature was raised until the pair evolved 783° as a 
Deau of four trials ; of these 163° could pass the second- 
iry wire. Now, 
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As 783 : IAS :: 133 : 25^ innlead of 33, 

showing, therefore, a slight rise of tension. 

2J, The pair uf copper and iron gave at the boiling- 
poiut of water 300°, of which 57° passed the secondai 
wire. The temperature was now raised, with the foUod 
ing results: 

4{>0 degrees jinssing iJie primnrv. Ho tlie scconilBry wire. 



It will be understood that although the quantities 
electricity indicated in the fiist column do not regular 
increase, the temperatures %vere, notwithstanding, going 
regularly upwards: to this peculiai'ity of the systems 
into which iron enters I have already alluded. Let «s 
now compare these measures with those obtained for tlie 
boiling-point of water ; 
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We find, therefore, that in the case of both these 
of metals the tension slowly rises with increase of tei 
peratnre, being much better marked in the latter than 
the former instance. 

The increase of tension here detected depends unques- 
tionably on increased resistance to conduction, which the 
wires exhibit as their temperature rises, as the follow' 
experiments show. 

A pair of copper and iron evolved a current at 
boiling-point of water, which, passing through a wire 
copper eight feet long, was determined at the galvani 
eter to be 176°. Having twisted a part of this wire inl 
a spiral, so as to go over the flame of a spirit-lamp, eight 
inches of it were therebv brought to a red heat: the de- 
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iatlon of the needle fell now to 165°, being a deficit of 
1°. In this pxperimeiit care was taken tbat no heat 
hould be transmitted along the wire to the connecting 
cups. 

The saine was repeated with an iron wire of the same 
length and tinder the same circumstances. The current 
at 6rst being 90°, as soon as the spiial was made red-hot 
it fell to 61°, being a deficit, therefore, of nearly one third 
the whole amount. 

To the increased resistance to condirction, occasioned 
by an increased temperature, we are to impute the slight 
■ise of tension observed in thermo-electric currents. The 
uantities are of the same order. 

We have next to show " that the quantity of electric- 
ity evolved at any given temperature is indejiendent of 
the amount of heated suiface, a mere point being just 
AS efficacious as an indefinitely extended surface." 

The (]uantlties of electricity evolved by hydro-electric 

pairs increase with the surfaces, but it is not so in ther- 

ino-electric arrangements. A pair of disks of copper and 

Iron, two inches in diameter, were soldered together; 

ley had continuous straps projecting from them, which 

rved to connect them with the galvanometer cups. At 

;be boiling-point of water they gave 62°; on being cut 

own to half an inch in diameter, they still gave 62". 

)n the disk being entirely removed, and the copper 

uado to touch the iron by a mere point, its extremity 

K-ing roughly shaipened, the deflection was still 62°. 

By means of a common deflecting multiplier, I ob- 
nined the following results: 1st. A copper wire being 
ilacetl in a bath of mercur}', the temperature of which 
vas 240° Fahr., I dipped into it a second copper wire, 
the temperature of which was about 60° Fahr. ; the gal- 
iranometer needles moved through 15°. 
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2d. The coltl wire beiug sharpened to a point aiitl 
plunged deliberately into the mercury to the bottom ofj 
the bath, the deflection was 19°. I 

3d. But when I touched the sin-face of the merciiiy 
with the ver^ point of the cold wire, there was a deflec- 
tion of 60^ 

Having laid a, plate of tinned iron upon the snrfiice 
of some hot mercury, it was touched with the point of 
the cold wii'e. There was a strong deflection of tht 
needles in the opposite direction to what would hai 
been the case had the mercury been touched and uot 
iron. The under surface of the ii'on was, therefore, 
ing as a hot face, and the parts round the point as a cold 
face, being temporarily chilled by the touch of the wire. 

These results explain the anomalies obseived by soi 
of those who investigated the course of thermo-electl 
currents by means of small metallic fragments. 

It would therefore seem that when wires of the same 
metal are used as electromotors, the quantity of electnc- 
ity evolved depends on the quantity of caloric that can 
be communicated in a given time. Time, therefore, under 
these circumstances, must enter as an element of thermo- 
electric action. In the case of a single metal, the mi 
mum effect would be produced when the hot element 
a mass and the cold one a point. 



And, lastly, " that the quantities of electncity evol 
in a pile of pairs ai'e directly proportional to the number 
of the elements." 

In the first trials I made to determine the effect of in- 
creasing the number of paii"s in a pile, the results ob- 
tained were contradictory ; by operating, however, in the 
following way, the proposition was at last satisfactorily 
determined. 

1st. The resistance to conduction was made nei 
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constant by uniting all the pairs intended to be worked 
with at once. The current, therefore, whether generated 
by one, two, three, four, or nioi'e pairs, had always to run 
'through the same length of wire, and exi>enenced in all 
cases a uniform resistance. 

2d. By making each individual element of consider- 
able length, the liability of transmission from the hot to 
the cold extremity was diminished. 

Having, thei-efore, taken sis pairs of copper and iron 
.wires, -^ of an inch thick and each element 38 inches 
long, I formed them, by soldering their alternate ends, 
iinto a continuous battery. Then I successively immersed 
in boiling water one, two, three, etc., of the extremities, 
their length allowing freedom of motion, and the other 
extremities not differing perceptibly from the temper- 
ature of the room. 

The following table exhibits one of this series of ex- 
pei'iments : 

Table IV. 



m. Of P«™. |c.lc„1.u,dD.vl.,ln„., 
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Hence there cannot be any doubt that the quantities 
of electricity evolved by compound batteries at the same 
temperature are directly proportional to the number of 
the paii-s. 

"With some general i-emarks, arising from the forego- 
ing subjects, I shall conclude this Memoir. 

1. It is of importance to remember that thermo-electric 
currents traverse metallic masses only on acconnt of dif 

■ences of temperature existing at different points. 



L 



2, When a current of electricity, flowing from the poles 
of a battery, is made to travei-se a metallic sheet, tlie 
whole of it does not pass in a straight line from one pole 
to the other, but diffuses itself through the metal, di- 
verging from one point and converging to the other. 
The gi'eater part of the current is found, however, to 
take the shortest route. 

3, Comhiuing, therefore, the foregoing observatioi 
(1, 2), we perceive that there are certain forms of col 
struetion which will give to thermo-electric aiTangemeni 
peculiar advantages. For example, the surfaces unil 

by soldering must not be too mi 
ive. Let A, Fig. 55, be a semi-ring 
of antimony, and B a semi-ring of 
bismuth ; let them be soldered to- 
gether along the line C H, and at 
the point H let the temperature 
raised : a current is immediately 
cited ; but this does not pass aron: 
*'*"' the ring A B, inasmuch as it finds 

shorter and readier channel through the metals, between 
H and d, circulating therefore as indicated by the arrows. 
Nor will the whole current pass round the ring until 
temperature of the soldered surface has become unifoi 
An obvious improvement in such a combination 
shown at II in Fig. 56, which con- 
sists of the former arrangement cut *^^ 
out along the dotted lines: here the ^ ^ 
whole current so soon as it exists is h 

forced to pass along the ring. And 
because the mass of metal has been diminished at the 
line of junction, such a pair will change 
its temperature very quickly. 

One of the best forms for a thermo- 
electric couple is given in Fig.57, where 
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L ia the section of a semirylinJrical bai- of antimony, B 

f one of bisiiiutb, united together by the opposite cor- 

■ei-s of a lozenge-shaped piece of co])per, C. From its 

xposiug so much surface, the copper becomes hot and 

!(ild with the greatest promptitude, and from its good 

wnducting power it may be made veiy thin without 

pjujy to the current. With a pair of bare three fourths 

'' an inch thick, and a circular cop- 

""per plate, as at D, Fig. 58, having both 

surfaces blackened, I have i-epeated A| 

the greater part of those experiments 

"which M. Melloni made with his raul- "'"■ 

fcplier. A platinum wire, as at E, Fig. 59, may sometimes 

be very advantageously used. 

4. The currents circulating in a steel 

1^ magnet ai'e to all appearance ]>erpetual. 

I thought fur some time it might be 

possible to procure similar perpetual 

urrents by compound thermo-electric arrangements. 

«t a,b,c be wires of three difterent metals soldered to- 

[ether so as to form a triangle. Now if these metals 

jrere selected, so that a and 1/ could form a moie power- 

1 thermoelectric pair than a and c, or b and c, it might 

i expected that at all temperatures an incessant cuireut 

^ould run round the system. Such, however, will not 

B found to be the case. lu effect, any one of these three 

jBrves simply as a connecting solder to the other two, 

ptid hence no current is excited ; for the ends that have 

^e third metal between them, although that metal iuter- 

leues, ai'e under exactly the same condition as the other 

^tls which are in contact. 

Y 
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MEMOIR XXV. 

ON MICROSCOPIC PHOTOGEAPIIT. 

Contents : — Method of making mifroKopie photoffraphu by eondemrd 
aunlii/kt. — Speeimem of the art. 

When giving coui'seg of lectures on Physiology in 
the University of New York, I found it very dpsirable 
to have photographic representations of various micro- 
scopic objects. There are many siicb olijects, costing 
much time and trouble in their prejiaration, which it is 
very difficult, if not impossible, to preserve. A photo- 
graph is their best substitute. 

I used as the sensitive surface daguerreotype plates, 
for this was previous to the iiiveution of the collodion 
process. The daguerreotype plate is, however, much less 
sensitive than the collodion film. My fii-st attempts 
were to copy the objects by lamplight, but this was 
found to be not sufficiently intense, Kven after very 
long exposures with low powers the impressions ob- 
tained ai'e imsatisfactory. 

On employing a beam of sunlight impi-essions could 
be quickly obtained, and by concentrating the beain 
with a condensing lens the object could l>e sufficiently 
illuminated to suit any magnifying power. A fine mi- 
croscope was used to give the image. 

Two difficulties wei'e, however, to be provided for: 
1st. If the condensing lens be large, the heat nt its focal 
point may be so high as to injure or even destroy t 
object. 2d. It is not easy to find the cbemical focus,! 
it does not coincide with the visual one. 
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But these difficulties may Ije completely overcome by 

using the illumiiiatiDg beam to pass through a solu- 
ion of sulphate of copper ami ammonia. This transmits 

I the radiations that affect a photographic surface, but 
ibsorbs all others. With the absorbed lajs the heat so 
learly disappears that the most delicate preparation may 
be left at the focal point for any length of time without 
[isk. 

The solution of sulphate of copper and ammonia also 
inables us to aBcertain the focal point with precision. 
'a receiving the image on the ground glass of a camera, 

is, of course, of a blue color, and when brought to a 
larp focus its photograph will be equally sharp. 

The best results are obtained when the blue image 
>f the sun, formed by the condenser, coincides with the 
object 

In Fig. 60, cr a is a heliostat mirror reflecting the sun's 

\ 
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nys horizontally ; c a condensing lens three inches in 
tperture; there are adapted to it different diaphragms, 
, to regulate the quantity of light used, since it is not 
'ell to have too bright an image on the photographic 
(late ; (/ is a glass cell, formed by cutting a circular hole 
iree inches in diameter in a glass plate a quarter of an 
ich thick ; on each face of this plate a flat piece of glass 
laid, thus forming a receptacle in which the sulphate 
' copper and ammonia solution may be placed. It 
lolds the liquid without risk of leakage; e is the object- 
^tage of the microscope,/; ff, the camera with its ground 
or sensitive plate. 
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In this manner I made many microscopic daguerreo- 
)es. Some of them, such as were needed, were subse- 
;ntly cut in wood to serve as illustrations for my 
;atise on " Human Physiology." From that work I 
[tract the specimens on the opposite page. 
When the collodion process was invented, I made 
many of these photographs in that way. Some of my 
old original daguerreotypes were exhibited in the Cen- 
tennial Exposition at Philadelphia, as illustrations of the 
early history of the art. Collodion photographs have, of 
coui'se, the great advantage over daguerreotypes in this, 
that they may be magnified by the lantern and used for 
demonstration before a large class. 
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MEMOIR XXVI. 

ON CAPILLARY ATTRACTION AND INTERSTITIAL 1 

TIIE CAUSE OF TIIE FLOW OF SAP IN PLANTS AND 
TUE CIRCULATION OF TIIE BLOOD IN ANIMALS, 



Molions or MoTsble KlecLnc CoDduclors, Franklin Instilnte Joamnl, Junw 
183G. Experinienu on Endaimosis, Frnnklin InmiiDte Jouninl, Mu'cb, I 
Un Endosmosiii through Waiermid Soap Buliblee, Fj'onkliii Institute Jonni>I,JiIj 
111136. On InlerBlitia] Murementi, American Jonmal of Medical Sciences. K 
1886. On tbe Phyiical Theory of Capillary Attraction, American Joumald 
Medical Sciences, February, 1838. On tlie great Mechanical Foi-ce Gen 
the Condensing Action of Tiasuei, American Jouranl of MedicHl Science*, N 
1H38. On tlie Physical Theory of Endusmosie, American Journal of Hed 
Science!, August, 1638. Analysis of Some Coins, SillimaD's American Joarq 
VuL X.\IX., 1836. On the CircuUtion oflhe Blood, Sillimnn's Americiui Jouil 
Second Series, Tul II., 1846. On the Conslilntion of ihe Almospbero, Loud 
and Edinburgh Philoso|ihicnl Magaiiiie, Oi:tober, 1838. Un Capillary Anrai 
London and Edinburgh Philosophical Magazine, March, 1845. On the Qra 
lion of the lilood, London and Edinburgli Philosophical Hiignzine:, Mnrcli, id 
A Treatise on the Forces that Pioduce the Organization of Plants, New Ta| 
1844. A Ti-eatise on Human Physiology, New York, 18j(!. 



NuTR. — These Memoirs are collectively so volmninous that 1 could not publish ll 
in tliia volnme in full, I made llie following ubridgmeut of tliem, wUi 
n Harper's Magniine, January, I8T8. 
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—tntfrftitial motion* of solids. — Mutioru o/metat ii 
Movement of Uijuids in creviee>. — Capillaiy attraction. — Otmdi^ 
for a continuous fiov). — Capillnry allraclion an tltelrieal p 
— Motions of liquid conductors. — Diitroelirl's experiment of endom 
— Postage of gase» through liquids. — Soap fnihbles. — Passage agt 
heavy pressure. — Distribution of sap in planln. — Cireulation in p 
due to mnligkl producing gum. — Circulation of blood in animaltM 
plained. — The sifsternie, the pulmonarg, and the portal eircuhliom. T 

It is necessary for tlie life of every organized beid 
that a liquid should circulate tliroiigh all its parts. 
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plants that liquid is called the sap; iu animals, the 
jluod. 

Wheu the distance through which such a liquid has 
D pass is small, there seems to be little difficulty in as- 
Bigcing the cause of its movement; but how shall we 
acplaiu the rise of the sap in the great sequoia-trees of 
California, some of which attain a height of more than 
hur hundred and thirty feet? To force a column of 
water to such an elevation would require a pressure of 
nore than two hundred pounds on the square inch. Yet 
we cannot doubt that the power which overcomes these 
Bnoroious resistances is the same as that engaged in the 
Dost insignificant transudations. 

Even in the case of solid miueral substances the parti- 
Sles are not at rest. Boyle, in iiis tract on "The Lan- 
uid Motions of Bodies," has collected several interesting 
nstances. 

He eaya: "But what is moi'e extraordinary, a gentle- 
nan of my acquaintance had a turquois stone wherein 
ifere several spots of different colors, which seemed to 
lim for many months to move slowly from one part of 
ihe stone to the other. And having the ring wherein it 
raa set put into my custody, I drew pictures of the 
pots at different times ; and by comparing several of the 
Irnughts together, it evidently appeared that they shifted 
heir places, as if the matter whereof they consisted made 
s way through the substance of the stone. And as far 
B we observed, the motion of these spots was exeeeding- 
f slow and irregular. An e.\perienced jeweller, likewise, 
saured me that in a few turquois stones he had ob- 
BTved two different blues in different parts of the same 
tone, and that one of these colors would, by slow and 
mpeiteptiVde degrees, invade and at length overspread 
hat part of the stone which the other before possessed, 
^od the same gentleman who lent me the sjwtted tur- 
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quois also showed me an agate baft of a knife, where 
waa a cei-tain cloud which an ingenious person had i 
aotne years observed to change its place in the stone," 

Some yeara ago, having occasion to make an analysir 
of certain Roman silver coins which had been long bur- 
ied in the earth, I found that much of the alloying cop- 
per had made its way to the surface, constituting the 
green patina of antiquarians, and that the silver had bf. 
come comparatively pure. An interstitial movement in 
these denarii must therefore have taken place — a move- 
ment so slow that it had required many centuries to 
yield the observed result. 

If one end of a porous substance, such as a sponge, 1 
dipped into water, the liquid very soon percolates in i 
directions through the mass, which becomes charged win 
as much as it can hold. If a piece of glass having] 
crack in it be put into water so that the end of tq 
crack is immersed, the liqnid instantly runs spontaneooJ 
ly to the other end. And if from the crack other small^ 
ones branch forth, along these also the water rapid] 
finds its way. 

These effects have long been studied by using slend 
glass tubes, which operate in the same manner as ci-aeH 
but permit the phenomena to be observed in a more col 
venient and exact manner. 

Water will pass through a crevice the width of whU 
is less than one half of the millionth of an inch. 

proof of this is readil^ 
obtained experimentally. 
If we take a convex lens, 
*"""■ a a (Fig. 67), of long j" 

cus, and place it upon a glass plane, A b, there will be s 
at the point of apparent contact, c, on looking downj 
black spot surrounded Vjy a series of variously colon 
concentric circles, the appearance being well knoJ 
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imong optical M'ritei-s under the name of Ne\vton'8 col- 
ired rings. At the point c the lens and the plane are, 
18 Newton has shown, a distance apart of about one half 
»f the millionth of an inch ; and from this centre, pro- 
leeding outwardly, the distance between the glasses of 
lourse increases. If anywhere at the outer portion a 
Irop of water be introduced, it extends itself instantly 
icross all the colored rings, reaching eveu across the cen- 
ral black spot. 

If a tube of such diameter that it could lift water ten 
nches be broken off so as to be only six inches long, we 
night inquire whether the water would overflow from 
ts top or simply remain suspended there. 

Mathematical considerations, as well as direct exjieri- 
nents, prove that in such a case there would be no over- 
low. A capillary tube under these circumstances lifts 
;he water, but does not produce a continuous current. 

But if a removal of the liquid at tlie top of the tube 
»ke place in any ni.inner, as by evaporation or by being 
iissolved in another liquid, a continuous current is pro- 
luced. 

As illustrating the production of such a continuous 
low we may cite the ease of a spirit-lamp, the wick of 
ifhich may be regarded as a fagot of capillary tubes. Be- 
tween the fibres of the wick there are interspaces that 
mswer as tul)es. If the cover of the lamp be taken off, 
ill the sjtirit will eventually pass up the wick and escape 
TOin the reservoir by evaporation. Or, in an oil-lamp, 
;he wick of which becomes readily saturated with the 
but never exhibits an ovei-flow, on the lamp being 
Bghted, the oil is burned off, a current is established, and 
ftfter a time the reservoir ia emptied. 

The jihenomena of capillary tubes are connected with 
;he adhesion of stiifaces. Clairaut showed that if the 
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mutual attraction of a solid and liquid amount to leas 
tiian half the eohesioli of the lattci, th« liquid will be 
depressed iu a capillary tube made of the solid ; if it he 
equal to half, the liquid will stand level in the tube; if 
it exceed half, the liquid will rise. 

I published a paper in the Journal of the Franklin 
Institute of Philadelphia for September, 1834, its object 
being to show that the adhesion of surfaces, whether 
solid or liquid, to each other, and the rise or (lepressit 
of liquids in capillary tubes, are strictly electrical 
nomena. 

When a glass plate is laid on the surface of quicksil- 
ver, a considerable force is required to separate them. 
On the separation being made, if the substances be ex- 
amined by the electroscope, the glass will be found to be 
electrified positively, the mercury negatively. Their at- 
traction or adhesion is, therefore, a necessary electrical 
result. So intense is this electrical development that if 
during the act of separation the mercury be in connec- 
tion with a gold-leaf electroscope, tl 
gold leaves are commonly torn asi 
der. In Fig. 68, a a is a glass di 
containing mercury, c the glass pi 
^'^•*- d the gold-leaf electroscope. 

In like manner, if some melted sulphur be poured inl 
a conical glass and permitted to solidify, on making 
separation the interior of the glass and the solid sulphi 
cone will be found to be iu opposite electrical states 
And the same occurs when surfaces of various kinds are 

S parted from each other. There ought, therefore, 
to be adhesion. Iu Fig. 69, a a is the conical 
glass, i the solidified sulphur, with handle for 
a its removal attached. 
Fig-tm. ]^y|. If jj glass plate be laid on a suiface of 
water, there is no apparent development of electiicity on 
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separating tlieiu. And the reason is obvious, for tlie 
glass has brought away with it a layev of water, and 
there has been no true separation of the solid from the 
liquid, but only of water from water. The force of ad- 
hesion of the glass to the water has exceeded the cohe- 
sion of the water for itself. 

If a plate of polished zinc be laid on mercury, there 
will, again, be no electrical development apparent on 
separating them. For, owing to the conductibility of 
the zinc, there is nothing to prevent the opposite elec- 
tricities from uniting, and all electrical manifestations 
must cease. 

Whatever can disturb the electncal relations of a 
.solid and a liquid will disturb their capillarity. On 
wetting the interior of a glass tube, so as to form a tem- 
porary tube of water, and placing some mercury in it, 
the mercury will be depressed below the hydrostatic 
level. But on connecting the mercury with the negative 
pole of a voltaic battery, and the water with the posi- 
tive, the mercury at once rises, their mutual attraction 
teing increased. 

I derived these conclusions from the following experi- 
ments: 

1. In a watch-glass (Fig. 70) place a quantity of pure 
mercury, a i, and upon it a drop of water, c. Bring the 
water in contact with the positive 
platinum electrode of a voltaic bat- 
'tery, and touch the mercury with 
the negative. The moment the con- 
tact is made the drop of water ^'^ ^ 
loses its spherical form and spreads out into a thin cir- 
cular disk, wetting the surface of the mercury. The di- 
ameter of the disk seems to be greater in proportion as 
the battery is more powei-ful. 

Tnder ordinary circumstances water does not wet 
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quicksilver, A drop of water remains on the surfacp of 
quicksilver In the same manner that a drop of oil re- 
mains on water. As soon, however, as their electro- 
chemical relations are disturbed by the aid of a voltaic 
batter}', the phenomenon of wetting at once occurs. 

2. Take a tube, Fig. 71, in the form of an inveited 
siphon, one branch of which, ct, is about half an inch 
wide, and the other, b, not more than 
the tenth of an inch. Fill the siphon to 
a given height, «■ A, with mercury; the 
metal, of course, does not rise in the nar- 
row branch, J, to its hydrostatic level, 
for mercury is depressed in a capillary 
tube, inasmuch as it cannot wet glass^ 
Introduce a small column of water, h c. 
The mereur}' may now be regarded as being in contact 
with a tube of water, because that liquid wets the sides 
of the glass intervening between it and the mercury. 

Pass a slender platinum wire, a; down the tube, so as 
to touch the water; let it be in comnmnication with the 
positive electrode of the voltaic battery; with the nega- 
tive electrode, y, touch the mercury in the wide branch 
of the siphon, a, and in an instant the metal will rise in 
the narrow tube, and fall again to its former position as 
soon as the current is stopped. 

If into a watch-glass fifty or shvty grains of mercury 
be poured, and over that as much water acidulated with 
sulphuric acid as is sufficient to cover the surface of the 
mercuiy, on the mercury being placed in contact with 
tlie negative pole of a battery, and the water with the 
positive, currents are produced both in the water i 
the mercury, as was first observed by Erman and \ 
ndas. 

If the wires be on opposite sides of the mercury, 
shown in Fig. 72, the metal instantaneously elongates, J 
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indicated by tlie dotted Hue, and currents also are seen 
playing in the water. If the ueg- 
jStive wire be introduced iuto the 
ceutre of the metallic globule, and 
the positive be brought on oue '''^■"' 

aide, as m Fig. 73, the uiercury will bulge out elliptieally 
at both aides, nearest and farthest 
from the positive pole. If, now, 
the negative wire be cautiously 
"^"" raised fWm its position, so as to 

le just out of contact with the surface of the metal, the 
aei-cury is immediately convulsed, its whole suiface be- 
ing covered with circular waves. On lowering the neg- 
ative wire to its former position and advancing the posi- 
tive, the moment it comes to the edge of the mercunal 
«llij)soid intense convulsions are produced, which increase 
until contact of the mercury and wire takes place. 

At the same time that these movements are going on 
in the mercury, the stiiface of the water is ploughed by 
gentle currents, exactly resembling those that might be 
produced by directing a stream of air 
from a blow-pipe slantingly across the 
eurface (Fig. 74). 

The following experiment illustrates 
the natum of these effects : 

A platinum needle, a c, Fig. 76, is suspended by a 
thread of unspuii silk from a stand, b h, 
in a cup filled with acidulated water as 
high as (/ d. The needle hangs hori- 
zontally, its ends being about one fourth 
of an inch distant from the platinum 
polar wires, ^, n, of a battery. No«- the 
wire 2^ being positive and n negative, 
the extremity a of the suspended nee- 
dle would be negative and c positive 
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by induction. The conjoined efftict of tlie forces 1 
brougbt to bear on the needle causes it to move on its 
centre, and take up a position of rest between the polar 
wires. To this, if it were turned aside, it would return 
after a few slow oscillations. 

From this it appears that though the polar wires are 
plunged into a conducting medium and the current is 
passing, they still act as centres of attraction. 

When a globule of mercury under the surface of some 
water is brought in presence of a point of attraction, p, 
situated at a short distance from its surface, two tides 
will be formed on the globule; one, a, 
Fig. 76, directly in front of the point 
of attraction, the other, b, ISO" from it. 
In the quadrantal regions, c, d, there 
"^■"^ will be an ebb. If the pointy be 

moved round the globule, both tides will follow it, keep- 
ing the same relative position that they had at fii-st. 
These motions imitate on a small scale the effect which 
takes place by the action of the sun and raoou in pro- 
ducing the tides of the ocean, and the e.xplanation is 
the same as in the case of those tides. 

If a spring-tide were formed on a spherical ocean, and 
the sun and moon then annihilated, the elevation must 
sink, pressing the under waters aside, ami causing them 
to rise where they were depressed. But the motion 
would not cease when the level was reached, for the wa- 
ter would arrive at that position with an accelwated ve- 
locity. It would, therefore, pass that position and form 
a high water where it had been low, and low watt 
where it had been high. And this would be repeat! 
again and again. 

Now this theoretical case may be imitated with ' 
globule of mercury, for on approaching the positii 
to it, a position will be reached at which contact i 
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i place betweeu the protuberant tide on the mercury 

and the wire. At tliat moment the cause of attraction 

is annihilatetl, the whole current of electricity now pasa- 

Bg along perfect conductors, and fulfilling the supposed 

ise of au annihilation of the sun and moon at the time 

F high tide. And the same reasoning that held in one 

ise applies equally in the other — the mercurial tide falls 

rith an accelerated motion, and the line which before 

fcas the transverse axis of the ellipse becomes the conju- 

;ate, tides being produced at right angles to the former 

But here the strict comparison ends, for as the 

bercury ebbs from its protuberant position the metallic 

lonnection breaks, and the wire is again put in action as 

i point of attraction. The motion of the ebbing tide is 

hecked ; it flows once more. Once more the metallic 

ontact is complete ; and when the tide falls, it is only to 

"■fiow again as long as tlie battery current passes. Tides 

take place at right angles to each other, in a sei'ies too 

rapid to be counted, and the whole surface of the mer- 

my is worked into those various and beautiful undula- 

pons which have been before referred to. 

With respect to the currents that are observed, aa if a 

Kntle wind were playing over the surface, the esplana- 

Bon is obvious. We have seen that when a voltaic eur- 

lent is passed through mercury and water, the pressure 

1 the surface of contact is changed. Newton has shown 

" Principia," Vol. II., Bk. ii., Pr. 41 ) that if the particles 

f a fluid do not lie in a right line, a pressure propagated 

trough that fluid will not be in a rectilinear direction, 

But the particles that are obliquely 

iosited have a tendency to be urged 

Ot of their position. So the particles 

;, a, Fig. 77, pressing on the particles 

^,rf, which stand obliquely to them by "«•"• 

i8on of the shape of the mass of mercury, M, have t 
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tendency to be urged tVoin tbeir places towards e ami c 
respectively, aud the motiua tbus produced iu a fluiil 
diverges from a rectilinear progress into tlie umnoved 
spaces; and such a pressure taking place in a liquid fi'ce 
to move continually returns the nioviug particles to 
their position, after ujakiug them describe au elliptical 
orbit 

Such is the nature of the evidence that may be brouglit 
forward in proof of the hypothesis that the adhesion of 
surfaces and capillary attraction are electrical results. 
We may now pass to an exposition and explanation of 
the more interesting instances of motion in the cases of 
liijuids aud gases. If, in the lapse of centuries, metal 
copper can jiart itself from silver with which it has 
alloyed, coming forth from the interior of a coin to ft 
a new compound on the surface, such movements, 
might be expected, would more readily occur in liquids, 
of which the cohesion is but small, and in gases, in which 
cohesion perhaps does not exist at all. 

And, first, as respects liquids: 

The phenomena of endosmosis, first brought to gem 
notice in the case of liquid substances by M. Dutrocl 
may be explained as follows: If some alcohol be ph 
iu a bladder, the neck of which is tightly tied, and 
bladder be sunk into a vessel of water, percolation 
sues, so that the bladder is distended to its utnw 
capacity, and may even burst. Or if, instead of tying 
the mouth of the bladder, a glass tube, open at both 
ends and a foot or two long, be fastened into it without 
leakage, as the water introduces itself through the pores 
of the bladder to mingle with the alcohol the liquid rises 
in the glass tube, and, when it has reached the top of it, 
ovei-flows. To express this inward passage of the water 
the term endosmosis was introduced : and siuce a little of 
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the alcohol simultaneously passes outward to mix with 
the water, it is said to exhibit exosinosis. 

In Fig. 78 is represented tiie endosmonieter of Dutro- 
It consists of a small blad- 
|i;r, a, tightly tied to a tube.;/, 
pen nt both ends, and btut a-s 
!en in the figure at c; the blad- 
;■ being completely filled with 
alcohul, and the tube to some 
such point as </, the arrangement 
is placed in a vessel of water, ee; 
dniost immediately the level of 
; liquid will be seen to lie ris- 
bg, the bend of the tube is 
iched, and one drop after aii- 
rther falls fioni the open end lute 
this continues until the liquids inside and outside of the 
bladder are unifurndy commingled. 

In these results there is nothing moie than should 
take place on the ordinary principles of capillary action. 
The pores of a bladder are only short capillary tubes, 
ll^to which water readily finds its way, because it can 
^H^ the substance surrounding the pores. If the blad- 
^Her be distended with air and sunk under water, al- 
^thongh the water will fill the yiores, it will not exude 
fi*om them and accumulate in the interior of the blad- 
der; for, as we have seen, a capillary tube cannot estab- 
^sb a continued current or flow. But the case becomes 
iOtally different when the bladder is filled with alcohol ; 
|br then as fast as the water presents itself on the inner 
ad of each pore it is dissolved away by the alcohol, and 
^e necessary condition for a continuous flow is complied 
irith. Meantime through the poie itself a little alcohol 
lea in the opposite way by infiltrating through the 
ning water, provided that the current be not too 
Z '^ 



354 



CAPILLARY ATTBACTION, ETC. [MkkowXXVI 



strong, and so the endosmosia of tlie water and exosmfr 
sis of the alcohol take place; tlie cunfiit of the foroier 
greatly preponderates o%er that of the latter, and an ac' 
cumulation of liquid in the interior of the bladder enciies, 

That in all this there is nothing specially dependent 
on the organic texture employed is obvious from the fact 
that the same results anse when any inorganic porous 
V)ody is used. Vessels of unglazed earthenware, pieces 
of baked slate or stucco, answer the purpose very well, 
as will also a glass vessel with a minute fissure or ci-ack 
in it. 

An incorrect representation of the conditions under 
which endosraosis takes place is oi\en made. It is ttaid 
to depend on the relative specific giavities of the liquid, 
and that the lighter liquid always moves towanis tlie 
denser more abundantly than the denser towanis tlie 
lighter. But water endosnioses etpially well to nieohf 
which is lighter than it, and to gum-water or salt-w« 
ivhich are heavier. 

The force with which a liquid will thus pass thn 
a pore to mingle with another liquid beyond is, as 1 
shall presently see, very gicat. 



It has sometimes been affimied that living 
textures possess a so-called selecting power, periiiittf 
some substances to pass through them and refusing 
passage to others. But this so-called selecting powe 
purely physical, as are the separations and apparent | 
compositions to winch it gives nse. 

If we take a glass tube, a a. Fig. 79, over the loii 
end of which a piece of jtentoneum or other delicate 
membrane, /> f>, is tightly tied, and half fill it with litmus- 
water, and then place it in a glass of alcohol, c c, the 
els of the lifjuids inside and outside being adjusteda 
cording to their specific gravities, so that there tuayfl 
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> hydrostatic pressure either one way or 
be other tbroiigli the pores of the jwrito- 
leum, as soon as tlie arnnigement is coiii- 
Hetetl, if the observer be so placed as to 
pew it by transmitted light, he will see 
lie water desceiidiug through the poi'es of 
fee peritoneum in str\m and stre^anis in a 
jerfectly colorless state. The membrane 
has, ttierefore, al>9orbed and transmitted 
the water, but has refused to the coloring 
Iniatter a passage. Such illustrations may, 
^■herefore, satisfy us that the selecting pow- 
^Br of organic textures, like that of inorganic 
^%ne8, is dependent on simple physical cir- 
cumstances, and for these reasons we may 
exclude from the mechanism of animal ab- 
sorption the influence of any vital or other mysterious 
principles, and adopt the opinion of Abb<^ Hauy, that 
"those specious causes and imaginary powers to which 
I the Middle Ages all natural phenomena, even those of 
lln astronomical kind, were referred, but which, through 
ihe genius of Newton and Laplace, have been banished 
om the celestial spaces, have taken their last refuge in 
ibe i-ecesses of organic beings, and from these i-etreats 
feience is preparing to expel them." 



We may next turn to an examination of analogous phe- 
nomena in the case of gases. I found that on blowing a 
little babble of melted shellac on the end of a glass tube, 
and putting some reddened litmus-water in its interior, 
amtnoDiacal gas, to which it was exposed, could almost 
instantly permeate the thin texture or barrier, and, gain- 
Tig access to the inside of the bubble, turn the litmus 
8ue. 
I When the pores of such barriers are of sensible size, 
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it is ])iaiii tliat the passing material is infiuenceJ liy tbe 
substance of which the jwre consists only on those jkji- 
tions that come in contact therewith. Through the cen- 
tral parta of the pore the material will pass by mere 
leakage. If, then, we desire to determine the physical 
conditions under which these movements take place, we 
must make use of barriers the pores of which are not of 
sensible size. 

I therefore closed the top of a glass tube, A, Fig. 80, 
otherwise open at both ends, with a disk of 

a' ^ paper placed at such a distance down the tube 
a as to permit a stratum of water, a a, one eighth 
of an inch thick, to be laid upon it. Conveying 
the tube to the pneumatic trough, I filled it in 
succession with various gases, and watched their 
passage through the water roof, for so it might 
be called, into the air. In such an experiment 
a column of hydrogen gas half an inch in length 
had escaped in twenty-four hours. 

But expei'iments of this kind may be much shortened 
by using very thin films instead of a thick stratum. A 
glass bell-jar, a a, Fig.81, was filled with 
hydrogen gas, and by the side of it was 
placed a small bottle containing atmos- 
pheric air. A finger dipped in soajv 
water was passed over the mouth of the 
bottle, so as to close it with a thin film, 
and the glass bell-jar of hydrogen was 
then placed over it, as at fi. In the coui-se of two i 
utes the film, which was at fii-st horizontal, had Viecoin 
convex, and eventually swelled into a large spherical 
bubble, c. In sixteen minutes it had become so thin 
that it was of a dark metallic lustre. 

But the action is much more speedy if, instead of these 
horizontal films, soap-bubbles are used. Such films are 
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kt first too thick, they expose too small a surface to the 
itmosphere to which they are subjected, and it is not 
:ntil the close of the experiment tliat the action becomes 
■apid. But a bubble at once exposes a Inri^e surface, 
ind by using proper pi-ecautions there is no difficulty in 
)reserving it for an hour, or even much longer. 

The quicknesa of these niotiona is very well illustrated 
)y the following experiment. If 
glass flask, a a, be rinsed out 
rith ammonia, and then l)y means 
>f a bent glass tube, b h, naiTowed 
t its projecting extremity, a soap- 
jubble, ^, be blown therein, the air 
■om the bubble being immediate- 
r dmwn into the mouth without 
I moment's delay, the strong taste 
»f the ammonia will be jwrceived, 
!)r if a md dipped in hydrochloric 
icid be presented to the projecting end of the glass tube, 
J the bubble slowly collapsing presses out its contents, 
wpious white fumes arise. Care must be taken that no 
drop of water obstnicts the egress of the gas from the 
bubble, and that the cork fits the flask with a slight 
leakage. This, thei'cfore, shows that va- 
pors will pass through barriers having no 
proper pores, the transit taking place in- 
stantaneously. 

I constructed an apparatus (Fig. S3) for 
exposing gases to each other with the in- 
tervention of a soap-bubble, and subse- 
quently nieasunng and analyzing them. 
a a is a tin saucer about three inches in 
diameter and half an inch deep; into it 
water can be poured ; it also serves as a 
plattbrm to support a smalt bell-glass, b. 
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Through its centre at c passes a glass tube,/, one t 
of an inch in" diameter, the upper extremity of which is 
ceiuented into a hole of the same size iu a round, thin 
piece of copper, d, about half an inch in diameter; the 
other eml of the pipe opens into another small bell-glass, 
i, through a perforation in its top, the communication be- 
ing capable of being cut off by means of a stop-cock, </. 
Tlie apparatus is used as follows: The upper bell, beiug 
taken off the platform, is filled with any gas to be tried 
— oxygen, for instance— and is jilaeed aside on the shelf 
of a pneumatic trough. The lower bell-glass is then filleil 
with water by depressing it in the trough ; and the stop- 
cock being closed, five huiulred measures of hydrogen, for 
instance, are thi-own into it. After seeing tliat the cop- 
per plate fl is free from moisture, a drop of water ren- 
dered viscid by soap is placed upon it, exactly wliere the 
orifice of the tnhef opens. The upper glass containing 
the oxygen is no\v placed upon the tin saucer platturtn 
as in the figure. The lower glass is next depressed in 
the pneumatic trough, and as soon as the cock is opened 
a bubble of hydrogen containing five hundred mea-sure.'* 
expands, the spare oxygen escaping from the edge of the 
upper glass through the water in the tin saucer. The 
cock is next closed, and the apparatus placed on the 
trough shelf as long as the operator desires the experi- 
ment to continue. Keeping that position, when the cock 
is once more opened the gas passes into the lower bell 
until the bubble has entirely collapsed, when the cock is 
again closed, the contents of the buVible being now ready 
tor measurement and analysis. As the gas was passing 
fiom the bubble into the lower bell, the water rose fi-oni 
the tin saucer into the upper bell, confining the gas that 
was outside of the bubble. This, by the common mo< 
of manipulation, is to be transferred from the tin ] 
form to the shelf of the trough for inspection. 
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By this apparatus it was fouiul that one thouaaml 
measures of atmospheric aiv exjiosed to atmospheric air 
uuderwent no change either in volume or composition. 
The exposure in some eases histed an hour. 

One thousand measures of hydrogen, in the bubble, 
?were exposed to atiuospheric air in tlie bell. In five 
ninutes there remained only four hundred and seventy- 
mo. (It will be understood that the numbers quoted 
in this and other succeeding experiments are for the pur- 
pose of illustrating the general principle. They change 
with the relative j)roportion of gases inside and outside 
of the bubble.) 

A reverse action ensues when nitmgen is substituted 
■for hydrogen. The bubble swells instead of diminish- 
ing. Thus one hundred measures of nitrogen in half an 
lioiir became one hundred and seven and a half. 

Oxygen decreases in bulk. Two hundred and fifty 
measures in teu minutes became one hundred and fifty- 
Ihree. This gas passes more rapidly through the bulj- 
l)le than nitrogen. 

Carbonic acid passes through the bubble very rapidly. 
When five hundred measures were used, the bubble col- 
3apsed almost as fast as it had expanded. Under a 
Water roof half an inch thick and two inches in diame- 

■, five thousand measures escaped into the air in forty- 
eight hours. In its place there were found two hundred 
pleasures of atmospheric air, which had passed in the ojv 
posite direction through the water root' 

By this apparatus it was proved that these motions 
through soap-bubbles continue until the gases on both 
lides of the bubble have the same chemical eomj)osition. 

It has long been known that liquids and gases pass 
through porous structures though resisted by consider- 
»ble force. Thus, if over the mouth of a cylindrical jar 
&, Fig. 84, a thin sheet of India-rubber be tied, and the 
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jar exposed to an atmosphere of 
carbonic -aeid gas, that gas will 
force its way through the rubljer 
and mingle with the atmosphenc 
nir in the jar, the rubber will be 
pressed outward, as at /;, and eve^ 
tually may be buret. I foi 
that carbonic acid would 
furee its way against a pressure 
ten pounds on the square inch, 
the conditions be leverscd, the jar being filled M'itb 
bonic acid and then exposed to the atmos])here, the Th- 
dia-rubber will be depressed as at a, and stretch so as 
almost to sink to the bottom. Di'. Mitchell, of" Philadel- 
phia, has shown that this percolatiou will take ]>] 
though resisted by many inches of mei"cnry. 

The same holds good as respects liquids. Thus wi 
will readily pass throngh animal membrane to mis 
alcohol against a pressure of fifteen pounds on the sqni 
iucb. 

In making experiments for determining the effect 
such pivssures it is to be borne in mind that there 
certain disturbing circumstances which may vitiate 
results. Among these is that general leakage wl 
happens through the open pores of all tissues. Th 
the experiment first referred to (Fig. 78) it might l»e 
supposed that the force with which water passes through 
animal membiane into alcohol is not greater than one 
atmosphere, whereas in truth it is much more; but as 
soon as the pressure within the vessel had amounted 
about one atmosphere, the alcohol escaped from the 
sel by general leakage from the whole surface of 
membrane as rapidly as the water entered. It is oh' 
ous that iu !i pore of sensible size those parts alone of a 
passing liquid in contact with its substance are subjected 



I as 



* XXVr.] CAPILLARY ATTRACTION, ETC. ^61 

i influence, and those situated in its central regions 
re ready to lie influenced by any extraneous pressure. 

In an exjierinient inmle on the passage of ammonia 
Dto atmospheric air through India-rubber, it was found 
liat, though the passage of the gas was resisted by a 
iressurB of seventy-five iuclies of mercury, or upwards of 
fvo atmospheres and a half, it took place apparently as 
eadily as if no such resistance had been opposed. The 
uestiou at once arises, Whence is this powei-ful impul- 
ive force derived? Clearly not fi'om the action of one 
;as on the other. To the jiorous tissue or barrier alone 
7e must refer the seat of this jiower. 

It is well known that porous solids of all kinds and 
Inids absorb gaseous matter very readily, in volumes 
wying according to circumstances. Water, for exam- 
lie, absorbs its own volume of carbonic acid, and four 
lundred and eighty times its volume of hydrochlorie- 
cid gas. In the latter case, therefore, an extremely 
;reat condensation takes place. So, too, a fragment of 
oroua charcoal absorbs nearly ten times its volume of 
isygen, and ninety times its volume of ammonia. These 
;ases, therefore, exist in the absorbing substance in a 
tate of very high compression. And the reasoning 
fbich here applies, applies also in the case of two gases 
eparated by a tissue. If, for example, we separate by a 
lediuni of this kind a certain volume of ammonia from 
, like volume of nitrogen gas, though at the outset of 
he experiment both the gases might be existing under 
be same pressure, this erjuality would very rapidly be 
B9t. Ammonia, being absorbed more rapidly than ni- 
•OQen, would be presented to this latter gas not under 
Q equal pressure, but in a state of gi-eat condensation. 
Jader such circumstances, the transit of a gas is not 
Miftlogous to the ease in which it flows under common 
pressure into a vacuum, or into anotlier gas; but the tis- 
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sue, continually acting as a perpetual condensing 
bnngs tlie two media in contact with each other uudef 
extremely different conditions — the one in a compressed 
state, but ready to exert the wliole of its elastic force; 
tlie other in a state perhaps little varying from its nor- 
mal condition. 
Moist membranes and films of water, by reason of 
their affinity for gaseous substances and their 
consequent condensing action, become the origin 
of great mechanical power. I have seen car- 
bonic acid pass into atmospheric air through 
India-rubber against a pressure of ten atmos- 
pheres, and sulphuretted hydrogen against a 
pressure of twenty-five atmospheres. 

The apparatus with wliich these results were 
obtained may be thus descrilwd. A strong 
glass tube, a b, Fig. 85, seven inches or moiir 
in length and half an inch in diameter, is hfi- 
metically closed at one end, through which a 
pair of platinum wires, b, c, pass to the interior, 
parallel but not touching. The other end, a a, 
has a lip or rim turned on it. Between the 
platinum wires a gauge tube, d, is droppeil. 
On the top of the gauge tube a small test glass,/, i^ 
placed, to contain a reagent suited to the gas under trial, 
as lime-water for carlionic acid, acetate of lead for sul- 
phuretted hydrogen, litnms water for sulphurous add. 
Sometimes, instead of this test tube, a piece of paper 
soaked in the proper reagent was employed. The lai^ 
tube was then filled with water to the height e e, and 
over its lip a thin sheet of India-rubber was tightly I 
and over this again, to give strength, a very stout j 
of silk. Everything being thus arranged, the project^ 
wires 6, c, were connected with a voltaic battery; dei 
position of the water ensued, oxygen and hydrogeu ] 
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(liseiigagej, antl a coiideaseJ mixture of atmospheric 
ir and those gases aeeumukteLi in the space a a,e e, the 
auge tube showing the extent to whic-h the condensa- 
Ion had gone. Now if the little cup/ had been filled 
reviously with lime-wnter, and the whole arrangement 
Jtmduced into a jar of earbonic-acid gas, the upper pail 
►f the lime-water presently became milky, and after a 
hue a copious precipitate of carbonate of lime subsided, 
^hia would readily take place when the gauge was iiidi- 
ating a pressure of ten atmospheres. In like manner, 
rheu a piece of paper covered with carbonate of lead 
ad been introduced, and a pressure of twenty-four and 

half atmospheres accumulated, on introducing the iu- 
trument into a vessel of sulphuretted hydrogen the pa- 
ter quickly became brown. S(j sulphuretted hydrogen 

lq pass through a sheet of India-rubber, and diffuse 

to an atmosphere of oxygen, hydrogen, and atmos- 
iheric air beyond, though it be resisted by a pressure 

ual to that of eight hundred feet of water. 

The method of condensation here employed, because 

(f its freedom from mechanical concussions, enabled me 

continue these researches up to pressures of fifty at- 

osphei-es, without leakage, in comparatively slender 

■bes, and even under these circumstances ga-feous diffu- 
ion seemed to take place without any restraint. 

In passing, it may l)e remarked that when water is 
nclosed hermetically in a vessel, and a voltaic current 
lassed through it, decomposition ensues, a portion of the 
i making their appearance in the gaseous form, fili- 
Dg the small space occupied by the decomposed water, 
)Uid the remainder being absorbed by that liquid as fast 
i it is given off. When the pressure is high, the di- 
Dieusions of the vessel become sensibly greater, and the 
ittle bubble of air accumulated exceeds in bulk the vol- 
,me of the decomposed water. 



If, as it tLus appears, no pressure we can command Im 
sufficient to restrain one gas from passing into another, 
we next inquire what obstacle the condensed gas pre- 
sents. There is abundant evidence to show that this 
medium bears the same relation to the percolating gas 
that a vaeiuim would do, inasmuch as the rate of dis- 
charge into it is the same as it is into a vacuum. If 
particles of different gases possess no repulsive tend 
as respects each other, if the presence of one makes 
difference in, nor produces any retardation in, the 
tides of the other, then it is immaterial how many 
such particles are condensed together in a given spaca 
The vacuum is not less a vacuum because it is contained 
under smaller dimensions, any more than a torricellian 
vacuum is less perfect when the mercury is made to rise 
nearly to the top of a barometer tube than it was when 
there was a vacant space several inches in length. This 
would therefore indicate that these diffusions will take 
place under all pressures, provided the gaseous conditioo 
subsists; and this conclusion is abundantly borne 
by the experiments herein detailed. 

The explanation we thus give of the action of 
densing bai'riers rests upon a fundamental principle 
dynamics, that when the moving force and the mal 
to be moved vary in the same proportion, the resultii 
velocity will always be the same. Thus, if a cylinder 
filled with air and fitted with a piston communicate with 
a vacuum through an aperture, it is immatenal wbt 
the air be allowed to flow into the void without 
pressure, or whether it be urged by a dii-eet action 
the piston — its velocitj', as it goes into the void, will 
the same in both cases; for if it be compressed, the 
tion of the piston is to reduce the air to such a 
that its elasticity is equal to the compressing foroe 
because the elasticity varies as the density, the 
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of llie air increases with the impelling force. The mat- 
ter to be moved is increasetl, therefore, in the same pro- 
portioii as the pressure, and therefore the final velocity 
lA the same, and the same takes place in the case of a 
tissue which is compressing a gas. 

Such is the ease while the gases are engaged with 
each other in the tissue; but as soon as they pass from 
it, the condensed gas, being no longer under its compres- 
sion, expands freely, and, when measured, gives a result 
differing from that wliich it would have been had not 
the tissue compressed it. 

Accordingly, when carbonic acid and air are separated 
by a screen of stucco, which absorbs each to a veiy small 
:ctent, they diffuse, according to the law of the square 
roots of their density, one volume of air replacing 0.8091 
bf carbonic acid, the volume on that side of the screen 
where the carbonic aeid was increasing in quantity. 
But If a thin sheet of India-rubber be used as a screen, 
lince it can condense one atmospheie of carbonic acid 
vhile it does not act upon the air, though the same rate 
»f exchange ensues, there is a diminution of the gaseous 
Hatter on the side containing the acid, and one volume 
of air replaces 1.6182 of the acid. 

In every plant two prominent opei-ations are carried 
forward: (1) the production of organic matter; (2) its 
listributiou thmugh the various parts of the vegetable 
lystem. 

In 1844 I published a work under the title of "A 
fivatisti on the Forces that Produce the Organization of 
*lant8." It was a monograph chiefly devoted to the il- 
Bstrntion or investigation of those operations, and com- 
iated the existence of the Vital Force of physiologists 
3 a homogeneous and distinct power. 

The progress of science shows plainly that living 
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structures, fjvr from being the products of one such horao- 
geneoiis power, are rather the rpsultaiita of the sction 
of a multitude of material forces. Gravity, coheaon, 
elasticity, the agency of the imponderablea, and all other 
powers which operate both on masses and atoms, are 
called into action, and hence it is that the very evolution 
of a living form depends on the condition that all these 
various agents conspire. Organized beings and organ- 
ized bodies spring forth in those positions only to which 
the rays of the sun have access. They are, therefui-e, 
limited to the atmosphere, the sea, and the suiface of the 
earth. 

If we expose some spnng- water to the sunshiDe, 
though it may have been clear and transparent at first, 
it presently begins to assume a greenish tint, and at^er a 
while flocks of green matter collect on the sides of the 
vessel in which it is contained. On these flocks, when- 
ever the sun is shining, bubbles of gas may be seen, 
which, if collected, prove to be a mixture of oxygen and 
nitrogen, their pioportion being variable. Meantime 
the green matter rapidly gi-ows, its new paits, as they 
are developed, being all day long covered with air- bells, 
which disappear as soon as the sun is set. If these ob- 
servations be made on a stream nf water the current of 
which runs slowly, it will be found that the green mat- 
ter 8erves as food for thousands of aquatic insects which 
make their habitations in it. These insects are indued 
with powers of rapid locomotion, and possess a hij^ 
organized structure. In their turn they fall r pre; 
the fishes which frequent such streams. 

Thus by the influence of the sunlight organic matter 
is added to vegetable systems, the action being accom- 
panied by a variety of chemical decomjrositions and in- 
terstitial diflPusions. The substances arising are such as 
are necessary for the uses of the plant; and in order to 
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iistribiite them, mpehanical motion lias to take place, 
riiis, in tbt; moi'e highly organized plants, goes under 
the designation of tlie flow of tlie sap. 

The flow of tlie sap in plants and the circulation of 
the blood in animals are pTObalily due to the same 
physical cause. Anil bringing into view the experi- 
menta already related respecting capillary attraction, I 
icoDsidered, in the work above referred to, the conditions 
necessary fi»r producing a continual flow, such as evap- 
oration, decomposition, solution, developing the general 
law of those movements, and illustrating ttie great force 
with which they are accomplished. I showed that these 
itnotions depend on this physical principle: "That if two 
liquids communicate with one auothei- in a capillary 
[tube, or in a pomus or parenchymatous structure, and 
Jiave for that tube or structure different chemical aflSn- 
ities, movement will ensue; that liquid which has the 
most energetic affinity will move with the greatest veloc- 
ity, and may even diive the other liquid entirely before 
it;" and that this is due to common capillary attraction, 
which, in its turn, is due to electric excitement. 

Applying this principle to the case of plants, the 
liquid of which the ascending sap is constituted is de- 
rived fiom the giound by the action of the spongioles, 
and consists of water hoIiHng in solution the different 
inline bodies necessaiy to the plant, along with carbonic 
icid, etc This passes upwards by the woody fibre and 
llucts of the alburnum, making its way to the leaf, on 
the upper surface of which, in common cases, a change in 
its chemical constitution occurs through the influence of 
the sunlight. It obtains a quantity of carbon. This 
alaborated sap, or latex, now returns to the bark, and 
ilescends through its cellular tissue aiid intercellular 
jpaces, finding its way by the route of the medullary 
nays to all parts of the plant. During its descent the 
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(lifterent vegetable principles necessary for the econoiuy 
of the plntit are removed from it, ami a certain quantity 
goes down to the roots, partly to aid in their growth, 
and partly to throw new quantities of ascending eap 
into the tree. In this descent the elaborated sap moves 
through a system of vessels which anastomose with one 
another in the same manner as the capillaiy vessels 
animals. 

There are, therefore, two points in this circulal 
which require attentive consideration — the spouj^ 
and the leaf. The spongittles are nothing but the yoi 
succulent extremities of the roots, which have been 
ceutly formed from portions of tlie descending sap, 
that sap is itself a species of mucilaginous stilntion. 
cisely, therefore, as water will pass through the tissue oi 
a bla<lder the interior of which is filled with gum-water. 
so will moisture from the ground flow through th^ 
giole. There is no difficulty in thus accounting for 
rise of the ascending sap on the principles of capilj 
attraction, and indeed this is the explanation genei 
received by vegetable physiologists. 

Guided by the piinciple above laid down, I oflft 
the following as an explanation of the action of the 
The ascending sap, which we may assume to be a weak, 
watery solution, rises to the upper face of the leaf 
there obtains carbonic acid from the air; of this thi 
light effects the decomposition, with the production 
gum, the result being a change from water to a mi 
laginous solution. In the tissue of the leaf we have, 
therefore, two liquids engaged — water and a mucilagi- 
nous solution. On the principle above indicated, the 
water will drive the mucilaginous solution before it, anil 
force it back along its proper vessels into the stem, 

What, then, is the reason that the light of the 
controls the rapidity with which the ascending cui 
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mes? Because it controls the amount of cai-ljonlc acid 
daced, and, tlierefore, tlit anioiiut of elaborated sap 
nned. Wliy is it tliat the upward flow diniiuislies 
ben changes are befalling the leaves, and why does it 
op in the winter ? Because the mucilaginous solution 
ftde by light diminishes in quantity, or ceases to be 
rined altogether. 

There are, therefore, two sources of force in a flt)\ver- 
tg plant — the spungiole and the leaf; and they derive 
leir power from ordinary physical principles. What- 
'ev has been said I'especting the movements of sap in 
[ogenous plants applies also to the case of endogenous, 
Id indeed to flowerless plants too. 
It has been clearly established by the researches of 
►niparative anatomists that the presence of a circula- 
iry mechauism is determined by the centralization of 
1(1 nutritive and respiratory apparatus. lu exogenous 
id endogenous plants, from the circumstance thatli(]uid 
id solid materials are introduced at distant points, chan- 
jla of communication from one to the other, and indeed 
I every part, are required, and hence the introduction 
'a circulatory apparatus. In the lower tribes of vege- 
table life, where the separation of function does not ex- 
ist, the circidatory mechanism is correspondingly absent. 
Sea-weeds absorb on their whole surface, and nutrition 
is directly carried forward at the points of reception. 
In lichens there is tlie first appearance of a transfusory 
mechanism, arising from the circumstance that on those 
parte which are shaded from tlie light, absorption most 

Kiidly takes place: hei'e, probably, however, the chan- 
s of movement aie the interspaces between the cells, 
1 the cause simple cajiillary attraction. In nmsh- 
rooins there is a closer approximation to the mechanism 
mora fully developed in the higher plants, fur in them 
the rootlets absorb nutrient matter trom the soil, trom 
A \ JM 
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which it passes by capillary action to every part of tlie 
system. 

The cause of the movement of the sap in flowering 
plants, both of the nse of the crude sap and the descent 
of the elaborated sap, is the light of the sun, which ef- 
fects the decomposition of carbonic acid. 

From this explanation of the causes of the movement 
of sap in plants, I turn to the circulation of the blood in 
animals. 

In man there are three chief circulations — the sys- 
temic, the pulmonary, the portal. Bearing the above- 
mentioned general principle in mind, I presented the 
following explanation of these circulations: 

1. The Systemic. — The arterial blood, which moves 
along the various aortic branches, and is distributed to 
every part of the system, contains oxygen which it has 
received during its passage through the lungs. Its color 
is crimson. As soon as it has reached its destination in 
the minute capillary vessels, it begins to cany on its 
proper pi-ocess of oxidation, attacking in a measured 
way the tissues through which it is flowing. The di- 
rect result of this operation is an evolution of heat. 
But while this chemical change in the tissues is going 
forward, the arterial blood itself is also sufteiing a 
change in giving up its oxygen and gaining in e.xchange 
the results of combustion. From being crimson, it turns 
dark ; fi'om being arterial, it changes into venous blood. 

Now, under these circumstances, what must take place 
in every capillary or each small portion of a porous struct- 
ure? On the arterial side, we have the crimson arterial 
blood; on the venous side, dark venous blood — two dif- 
ferent liquids. What, then, is the relation that obtains 
between each of these liquids and the walls of the tube, 
or the substance of the parenchyma in which they aw 
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^Blaced ? Must it not be that the arterial blood beariug 

^Ks oxygen has an intense affinity for those structures, 

^^ut, those affinities being satisfieti, that which was arte- 

' rial passes into the condition of venous blood? The at- 

6nities it had for the structures with which it was in 

^contact are satisfied and have come to an end. The 

^■rterial blood presented a highly energetic force, which 

^RD the venous has diminished to zero. Under these eir- 

^jamstances, in accordance with the general principle, the 

arterial blood must press the venous blood before it, and 

the flow must be from the artery to the vein. 

, The Pulmonary. — In this the venous blood pre- 
lents itself in the air-cells to receive oxygen. The sys- 
nic circulation deoxidized arteiial blood, the pulrao- 
lary oxidizes venous. The latter, therefore, is the con- 
'erse of the former. The venous blood has an affinity 
br the oxygen dissolved in the tissues with which it is 
in contact, and the arterial blood has none. Movement. 
_therefore, must ensue ; but as the conditions of the affiu- 
' are reversed, so also is the direction of the motion, 
^r now the venous blood drives the arterial before it, 
t)d drives it to the heart. 

I 3. The Portal Ciirnlafion. — In this the same physical 
rinciples ajiply. The blood which flows towards the 
■vet along the portal vein has been obtained by that 
pin from the chylopoietic viscera; it has, therefore, the 
ne relation to the ])Iood furnished from the difierent 
and corresponding aortic branches as has the general 
systemic venous blood. The arterial blood, therefore, 
Jrivea it before it in the same way that the genei'al sys- 
Ipmic circulation takes place ; and, passing along the por- 
^U vein, it is now distributed to tlie liver. In this or- 
^nii it also receives the blood which has been brought 
By the hepatic artery. 
^^^Jeprocess of biliary secretion now talces place, and 



compounds of carbon niul hydrogen with soda are se\ii\- 
rated as bile, and pass along the biliary tubes. In lis 
tinal effet't, therefore, the chemical action of the liver close- 
I}- resembles the chemical action of the lungs. Compaml 
with the blood which passes along the branches of tbe 
hepatic velna and finds its way into the iiacending vena 
cava, the portal blood differs by containing the elements 
of bile. 

Two systems of forces now conspire to drive the por- 
tal blood out of the liver into the ascending cavsL 

Firet, the blood which is coming along the capillary 
portal veins and that which is receding by the hepatic 
veins, compared together as to their affinities for the 
substance of the liver, obviously have this relation : the 
portal blood is acted upon by the liver, and there are 
separated from it the constituents of the bile; the aflin- 
ities that have been at work in producing the result 
have all been satisfied; and the residual blood, over 
which the liver can exert no action, constitutes that 
which passes into the hepatic veins. Between the por- 
tal blood and the substance of the liver there is an ener- 
getic affinity, indicated by the circumstance that a chem- 
ical decomposition takes place and bile is separated; but, 
that change once com])leted, the residue, which is no 
longer acted upon, forms the venous blood of the J 
patic veins, and hence the portal blood drives beforl 
the inert blood which is in those veins. 

But, in addition to this, the blood of the hepatic i 
tery, after serving for the economic purposes of the liver, 
is thrown into the portal plexus. Hence arises a sect 
foi-ce, which, conspiring in its residtant with the fonl 
produces movement in the same direction. The j 
dice of the arterial blood in the hepatic capillaries i 
only sufficient to give a force towards that in the capil- 
laries of the portal veins, but also to give it a press 
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iwartls tbat in tlie hepatic veins. No i-egurgitation t-an 
,ke place backwards through the portal vein upon the 
lood arising from the cliylopoietic viscera, because along 
at channel there is a pressure propagated in the oppo- 
te direction arising from the arterial blood of the aortic 
ranches. This pressure conspires with that of the por- 
1 blood, and both together join in giving rise to mo- 
on towards the ascending cava. 

Ou the same principle we may explain the circulation 

the blood in other types of life; for example, in the 
se of the model adopted in fishes, the aorta of which 
IS long been recognized as bearing a strong resem- 
lanee to the portal vein of the nianinialia. To any one, 
owever. who reflects on the principles here laid down, 
lere will arise no difficulty in explaining the circula- 
on in any particular case, if this plain precept be con- 
antly kept in mind : that, ia consequence of the phys- 
al principle which has been assigned, a pressure will 
.ways be e.\'erted by the liquid which is ready to un- 
ergo a change upon tliat which has already undergone 
— a pi'essure which, as thei'e is no force to resist it, will 
ways give nse to motion in a direction from the cbang- 
ig to the changed liquid, 

I then, in the work referred to and in my "Physiol- 
ly," continued the investigation to a determination of 
le uses and action of the heart (heretofore considered 
1 the sole cause of the circulation), the action in as- 
hyxia, the ease of oljstructed trachea, local inflamiua- 
ioD, etc. 

By i-egarding the afBnity between the blood and the 
B8uea with which it is in contact as the primary cause 
f the circulation, we assign a reason for those various 
hcnomena which cannot be accounted for by Harvey's 
octrine: the motions in tlie embryo; the periodic and 
>cal Tariatious; the portal circulation; the change.'* ia 



the current as seen umlerthe microscope; tlie movement 
ia the capillaries after the heart is cut out ; the empty 
condition of the ai'tei'ies after death ; the phenomena of 
acai'diac monsters; local iuflaminations and cougestions; 
the gangi-eue of parts while their capillaries are pervi- 
ous ; the retardation of the current on the application 
of cold or of carbonic-acid gas; the i-esnlta of asphyxia 
and death by drowning or banging ; the changes of pres* 
ure iu the aileiies aud veins respectively during a cheek 
iiH the respiiation ; the vis a teiyo of the veins; the ef- 
fects of a ligatuie on those vessels; the action of iiTC*- 
pirable gases when breathed, and the opposite coudi- 
tious when oxygen gas or protoxide of nitrogen is used. 
A doctrine which accounts with simplicity for such a 
long list of miscellaneous facts commends itself to our 
attention at once. There are, however, considerations of 
a still weightier character which must compel us to 
adopt it. Tiie affinity between the blood and the parts 
with which it is iu contact is a chemical fact beyond 
contradiction. The pressures and motions I have been 
speaking of follow as the inevitable consequences of that 
affinity. We therefore cannot gainsay their existence in 
the living mechanism, and the only doubt we can ei 
tain is as to whether they are of eomjietent power] 
produce all the effects before us. But after what 
already been said respecting the energy of endosmotic 
movements against pressures of many atmospheres, we 
may abandon those doubts; and since we have here a 
force of universality enough and intensity enough, and 
in every instance acting in the light direction, it would 
be unphilosophical to look farther, since such a force 
must, under these conditions, exist in the physical neces- 
sity of the case. 
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MEMOIR XXVII. 

OK THE EXISTENCE AND EFFECTS OF ALLOTROPISM ON 
THE C0NSTITUENT9 OF LIVING BEING3. 

From Ilie Philosophlcst Mngniiiie, April, 1849. 

ioNTBKTS : — Allotropmn of fUmmtary tuhataiiceg. — Frankeitheim't no- 
menclature. — Brought afmut hi/ lifthl, heal, eketriciti/, and iy tke ner- 
vout principle. — Ezplaiiation of injtammatiou and congeution. 

It has been completely established for the majority 
f elementaiy substances that there are several forms 
linJer which each may occur — forms differing entirely 
l»oth in their physical aiid chemical relations. 

Thus, iQ the case of carbon, many snch forms are 
tnown. To three of them Berzelius has directed at- 
»ntion: 1st, ordinary charcoal; 2d, plumbago; 3d, dia- 
mond. They are three distinct modifications uf the same 
element. They differ in specific gravity, in specific heat, 
ind in conducting power, both for electricity and caloric, 
in their relations to light, the first perfectly absorbs it, 
nod is black; the second reflects it like a metal; the 
third is transparent like glass. When crystallized, plum- 
bago and diamond do not belong to the same system: 
their chemical relations are also strikingly dififerent. 
Chai-coal takes fire with facility, and some vaiieties of it 
M'e even spontaneously combustible in the air; but cru- 
mbles and furnaces are made of plumbago because of its 
incombustibility ; and the diamond with difficulty is set 
sn fire in pure oxygen gas. 

It aeems immaterial to what class elementary bodies 
belong, whether electro -negative or positive: they pre- 





sent analogous results. Silicou, aulphui", selenium, pho*- 
pliorus, tituuium, cliromium, uraniura, tin, iridium, osmi- 
um, coppei', nickel, cobalt, iron, oxygen, chlorine, are cases 
in point; and the instances which appear as exceptions 
are rapidly diminishing in number. 

As is well known, to these singular modifications 
Berzelius gave the designation of allotropic forms, ami 
the whole phenomenon passes conveniently under the 
designation of allotropiern. He shows that the peculiar- 
ity assumed is often of such a pei-sistent natum that it is 
not lost, even though the substance affected should go 
into combination with otheiu Thus, there lire two forms 
of silicon — one combustible, and the other remarliahly 
incombustible. Each, by uniting with oxygen, gives rise 
to silicic acid ; the acid in one case being soluble in 
water and in hydrochloric acid, and in the other the re- 
verse. And, in like manner, metallic arsenic, which ex- 
hibits the same duality of condition, gives nse to two 
different arsenious acids. Of phosphorus there are at 
least two modifications; and, accordingly, we have two 
compounds of that body with hydrogen, one of which is 
spontaneously inflammable, and the other not; and at 
least two oxygen acids, the monobasic and tribaslc, in 
which the essential difference rests in the state of the 
phosphorus they contain. 

It is to be remarked that, so far as observation ex- 
tends, the most common cause of producing these singu- 
lar differences is the action of that class of agents which 
we term imponderable substances. In very many cases, 
change of temperature brings about allotropic change; 
in others it is the agency of light, as in chlorine and 
phosphorus; and again, in othere, association with for- 
eign bodies, which apparently establish new voltaic 
tions. Heat, light, and electricity seem to be the gem 
modifying agents. 
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Bei*zelius, following the suggestion of Frankeobeim. 
opost's a noiuenelntnre for pointing out the peculiar 
rm reCeri'eJ to in any special case. It depends on tlie 

! of Greek letters. Thus, we have the three forms 
f carbon just alluded to designated on these jii-inciples 
jr Co, C(3, C-y. But in a Memoir republished iti this 
ork, p. 285, it is remarked that we may often with 
■eater convenience use the simple expressions "active" 
id "passive." Thus, active chlorine is that which will 
BCompose water in the dark, passive chlorine failing to 
In this Memoir the same expressions will be em- 
loyed. 

Hitherto, allotropism has only been considered as af- 
leting inorganic states of matter, but its influence can 
e plainly traced in the far more intei'esting case of or- 
linic beings; and this, when placed in a proper point 
F view, yields a remarkable explanation of some of the 

tst obscure but important facts in phj'siology and 
Btholc^y. These explanations I propose now to jwint 
at 

In the Philosophical Magazine (March, 1846, p. 178) 
iCTe is a paper by me explanatory of the causes of the 
irculfttion of the blood in the capillary vessels. It is 
lerely an abridgment of a lecture which for eight years 
t has been delivered in tltis university. The doctrine 
leitj set forth has been generally received in America, 
nd introduced into some of the standard woiks on 
hysiology published in England. The principle on 
'hich it essentially depends, aud which has been abun- 
antly confirmed by direct experiment, is briefly this — 
[lat if there be two fluids occupying a capillary tube, or 
porous structure of any kind, under the condition that 
ne of them has a stronger chemical affinity for the sub- 
;aDce of that tube or structure than the other, a raove- 
lent of the liquids will at once ensue, that which has 
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tbe stronger affinity Jviving the otiier before it On this 
priuciple a clear account of the systemic circulation of 
animals may be given ; for the arterial blood, an oxidis- 
ing liquid, Laving a stronger affinity for tbe soft tissues 
with which it is in contact than the venous blood, tbe 
affinities of which have been satisfied, and therefore no 
longer exist, uecessarily exerts such a pressure that mo- 
tion must ensue, the aiterial blood forcing tbe venous 
before it. 

An application of the same principles shows that 
the pulmonaiy circulation the motions must necessai' 
be in the opposite direction, or from tbe venous to 
ai'tenal side, as is actually the case. It also explains 
clearly the conditions of the portal circulation, in which 
the direct action of the heart could hardly be exjiecteJ 
to be felt. With the generality which ought to belong 
to a true theory, it meets all the cases which occur in 
lower orders of animal life, such as the greater circi 
tion in fishes, in which there is no systemic heart; 
movements which take place in the vascular system 
insects; and even the extreme case of the rise and 
scent of sap in plants. 

In this doctrine everything de])end3 on the relatu 
ship between the nutritive fluid, or blood, and tbe 
parts with which it is brought in contact; and whate' 
changes that relationship must impress a correspondil 
change on the circulation itself. 

From experiments which I made some time ago, I 
been led to suppose that the arterial ization of tbe bh 
as it takes place on the cell-walls of tbe lungs, bei 
strong analogy to the oxidation of white indigo, 
loose bold which tbe coloring matter of the blood 
on tbe oxygen, coupled but not combined with it, is 
unlike what is M'ituessed in other niti-ogenized coloring 
matters, such as indigo, which oxidizes and deoxidizes 
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pith the utmost facility. Charged ■with the oxygen it 
las thus obtained, the ai'terial blood passes to all parts 
if the system; and now arises that striking but all-itu- 
loi-taot physiological fact, that it does not attack indis- 
rimiuately all those parts of the soft solids which it first 
ncounters, but, proceediug in a measured way, exei'ts its 
£tioQ on such particles alone as have become efl'ete, and, 
(cconiplishing the great process of intei-stitial death, re- 
olvea those particles into other forms, so that they can 
ie eliminated from the system by the lungs, the kidneys, 
ind the skin. 

Now why is it that things proceed in this way ? What 
B it that regulates this interstitial death ? Why is one 
ttom preserved and another surrendered ? 

It is upon these obscure points that the recent discov- 
aies in allotropisra shed a flood of light. 

The three leading neutral uitrogeuized bodies, fibrine, 
dbumen, and caseiue, are characterized by exhibiting al- 
otropisni in a most remarkable degree, and that in a 
louble sense, Ist. Though so different from one another 
D their physical and chemical relations, it is admitted 
m all hands that they are mutually convertible : the al- 
lumen of the egg, dunng incubation, gives rise to fibrine 
md other allied bodies; from caseine in the milk with 
vhich the young mammalia are nounshed, the albumi- 
10U3 and fibrinous constituents of their systems arise; the 
lurse fed on fibrine and all)umen secretes caseine from 
the mammary gland. Indeed, there is no more reason 
to i-egai'd these three bodies as essentially distinct sub- 
stances than there is to apply the same conclusion to 
shai'coal, plumbago, and diamond. Between the two 
eases there is the most complete analogy ; and if char- 
icoal, plumbago, and diamond are merely allotropic forms 
of one substance, the same holds good for fibrine, albu- 
;, and caseiue. But, 2d, each of these three com- 
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poiincU betrays a disposition under trivial causes to i 
sume new forms; as with silicic acid so with filirii 
tliere ave two varieties— one soluble in water, the other 
not. A ditterence of a few degrees of heat turns trans- 
parent albumen into the porcellauous variety, and analo- 
gous observations might be made respecting caseine. 

It may therefore be asserted that these proteine bod- 
ies exhibit a projiensity to allotropisin in a far more re- 
markable manner than any other snhstances knowu ; not 
only passing indiscriminately into one another, but also 
exhibiting special variations under the influence of the 
most trivial causes. 

And now we may i-ecall the fact that, of the agents 
which in the inorganic kingdom bring about these 
changes, the so-called imponderable principles are pre- 
eminent, I transfer this observation to the case of or- 
ganized beings, and infer that the nervous system has 
the power of throwing organized atoms into the active 
or passive state; that this is the fundamental fact on 
which all the laws of interstitial death depend; and that 
upon this principle — its existing allotropic condition — 
an organized molecule either submits to the oxidizing 
influence of artei'ial blood, or successfully resists that 
action. 

But it has been stated that there ai-e certain patho- 
logical conditions which upon these views meet with 
a clear explanation — conditions which, though long and 
laboriously studied by physicians, remain involved iu 
contradictions and obscurity. The conditions to which 
I refer are those known as inflammation and eongestioiL_ 

It is agreed among chemists that during the pre 
lence of these conditions the urine assumes a ] 
constitution. In inflammatory actions the relative quj 
tity of urea and sulphuric acid is much above the ] 
iniil standard, while in congestive cases the reverse hoj 
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good, and the urea and sulpburic acid me below tlie 
standard. What is the interpretation of these reaiai'k- 
ible facts ( We shall find they are very significant. 

The quantity of urea and sulphuric acid in the urine 
undoubtedly expresses the quantity of proteine matter 
that has undergone oxidation in the system. In all 
3 where that quantity is above the normal standard, 
[he destruction of proteine matter has been correspond- 
ugly accelerated ; and where it is deficient, the destruc- 
tion has been reduced. The result of inflammations cor- 
iresponda to the first of these cases, and of congestions to 
the second. 

Recalling now what has been said respecting the cause 
»f the capillary circulation, we see how all these appar- 
mtly disconnected farts group themselves together in 
lie attitude of dependent efiects. In inflammation there 
iias been that allotropic change in the soft solids in- 
volved that they have assumed a disposition for rapid 
psidation — they are active. Their relations with arterial 
tflood have become highly exalted; and the Itlood flows, 
on the principles I have set forth, to the affected part 
rith energy. Redness of that part and a higher temper- 
(ture are the result. Oxidation goes on with prompti- 
mde, and urea and sulphuric acid begin to accumulate 
U the urine. 

But iu congestive cases it is the reverse; the parts af- 
fected are thiown into a more passive state. Oxidation 
;oes on in a reluctant way, the amount of tissue meta- 
norphosed diminishes, the urea and sulphunc acid di- 
ninish in the unne; and, on the principles which I liave 
ndeavored to explain resjiecting the capillary circula- 
liou, we perceive that an immediate action must be ex- 
irted on the flow of the blood: the passive condition of 
^e tissues and diminished capacity for oxidation re- 
tniin the flow from the arteries, and, there being now 
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less pressure on tbe contents of the veins, engorgement 
of those vessels is the result; and this condition of 
things is what a physician designates as congestion. 

In this manner, if we admit the existence of allotro- 
pism in organic atoms, we can give a very clear explana- 
tion of the condition of the circulation in the patholog- 
ical states of inflammation and congestion, and also of 
the peculiarities which in those states belong to the con- 
stitution of the urine. 

Umivebsitt of Nkw York, Feb, 17, 1849. 
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MEMOIR XXYIII. 

Orr THE DISTBIBnTION OF HEAT IN THE SPECTRUM. 

n Ihe Amurican JouiniU of Science tmil Arts tot 1873, Third Series, Vol. CIV,, 
Na, \6I ; Pbilonogiliicat Muguzine, August, 1B73. 

Contents ; — Earli/ experimentx secminff to prove that (Ac maximum of 
heat i'» in the Una refrangihle spaca. — Comparison of the dispersion 
and diffrattion spectra. — Sffeet of compretninn in the less refronr/ihh 
regiont ami of ditalalUm m the more refran-gilile. — Measure of heal in 
ihs tiPO halves of the visible dtgpenion spectrum. — Description of the 
apparatus employed. — T/ie differvttt colored spaces are equally ararm. 

Matty exiievimenters, at vnrious tiroes, have occupied 
tbemselves with the problem of the Distiibution of Heat 
ID the Spectrum. At fii-st it was supposed tb.it there ia 
coiucideuce between the luminous and calorific radia- 
tions, and that the maximum of intensity in both occurs 
ftt the same point — that is, in the yellow space. This 
lew was abandoned on the publication of the well- 
mown experiments of Sir W, Herschel, who showed that 
certain cases the maximum is below the red. Subse- 
luently Melloni, having discovered the singular heat- 
■anaparency of rock-salt, proved that when a prism of 
lat substance is used, the niasimum in question is as far 
ilow the red as the red is below the yellow ; but that if 
le light has passed through flint-glass, the maximum ap- 
lathes the red ; if through crown-glass, it passes into 
le red ; if through water or alcohol, it enters the yellow. 
In the case of the sun's spectrum the distribution of 
beat was more closely examined by Professor Miiller, 
*rhose results in a general manner confirmed the views 
the invisible radiation below t 
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greatly exceeds that in tbe visible spectrum ; and still 
more recently Dr. Tyndall, exaiuiuiog tlie spectrum of 
the electric light through rock-salt, showed that tlie 
curve indicating the distribution "in the region of tlie 
dark rays beneath the red shoots suddenly upward Sua 
steep and massive peak, a kind of Matterhora of heat, 
which quite dwaifs by its magnitude the portion of tk 
diagram representing the visible radiation." These in- 
vestigations were made under unexceptionable circum- 
stances; the beam of electric light had ])ractically under- 
gone no atmospheric absorption, and the optical refract 
ing train was of rock-salt. 

Sir J. Hei-schel had shown in 1840 that when the 
suu's rays are dispersed by a flint-glass piism, the 
tribution of the heat towards the less refrangible rej 
ia not continuous, but there are three maximum poi 
These points, as shown by Dr. Tyndall, do not exist 
the spectrum of electric light, the decline of which is 
continuous; they are therefore to be attributed to the 
absorptive disturbance which the sun's rays have under- 
gone. Quite recently (1871), M. Lamansky has succeed- 
ed in identifying these interruptions by the aid of the 
thermo- multiplier. In his Memoir he states that, with 
the exception of Foucaiilt and i^izeau,'in their well- 
known experiments on the interference of heat, no one 
has made reference to these Hues, and that all experi- 
menters describe the beat -curve as a continuous one 
(J^hilosophical Magazine, April, 1872). 

1 may therefore be excused for remarking at this point 
that the three lines in question were not only observed 
by me nearly thirty years ago, but that an engraving 
of them was published in that journal, in a memoir an- 
nouncing the discovery of fixed lines in the invisible 
portions of the spectrum (May, 1843). It will be seen, 
from an inspection of that engraving, that these lioea 
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niarkeil a, (i, y, They were impressed on daguerre- 
jrpe plates by resorting to the well-kuowii processes 
obtainiug photogrnphe of the less refrangible regions 
the spectrum. Tlie paper is republished in the pres- 

volume, Memoir III. 
In view of the preceding statement and others that 
ight be given, it may, I think, be affirmed that the 
neral opinion held iit the present day as to the const!- 
iiou of the spectrum is this, that there exists a heat 
sctrum in the less refrangible regions, a light spectrum 
the intermediate, and a spectrum producing chemical 
;iuu in the more refrangible regions. An experimental 
tempt to correct this view, and to introduce a more ae- 
rate interpretation, will not be without interest, espe- 
ly as it is necessarily and directly connected with the 
Iportant subject of photometry. In this Memoir I shall 
"ir some espei-imeuts and suggestions respecting the 
,t of the spectrum, and in another, shortly to be pub- 
hed, shall consider the distribution of the so-called 
chemical rays. Among the numerous problems of actino- 
chemistry, there are none more important than these. 

All the experiments hitherto made on the heat of the 
spectrum have been conducted on the principle of ex- 
jKising a thermometer in the differently colored spaces. 
Such was Sir W. Herscliel's method. Leslie used a dif- 
ferential with small bulbs. Melloni, Miiller, Tyndall, a 
therm o-electnc pile, the tbi-m preferred being the linear. 
This was advanced successively through all the radia- 
tions, and the deflections of the multiplier noted. 

la not this method essentially defective i Does it not 
neceasarily lead to incon-ect results? 

" There is an inherent defect in the prismatic spectrum 
— a defect on'ginatiug in the very cause which gives rise 
to that spectrum itself— unequal refrangibility. Of two 
groups of rays compared together, one taken in the i-ed, 
K Bb 
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tile other in the violet i-egion, it is clear that in the same 
spectrum, from the very circumstance of their greater re- 
frangibility, those in the violet will be relatively more 
separated fi'oin each other than those iu the red. The 
result of this increased separatlun in the more refrangi- 
ble regions is to give an apjiarent dilatation to them, 
while the less refrangible are concentrated. The relative 
position of the colors must also vary : the fixed lines 
must be placed at distances greater than their tiue dis- 
tances as the violet end is approached." I am quoting 
from the fifth chapter of a work " On the Forces which 
Produce the Organization of Phiots," published by rae iu 
1844. In this chapter, one of the chief points insisted oq 
is the necessity of using wave-lengths in the measure- 
ment and discussion of spectrum results — a suggestion 
which, I believe, I was the fii-st to make, and which I re- 
newed in a memoir in the Philosophical Magazine (June, 
1845). 

The importance of these remarks respecting the pecul- 
iaiities of the prismatic or dispersion spectrum may per- 
haps be most satisfactorily recognized on esaminiug such 
a spectrum by the side of a diffraction or iutei-fercDt-e 
one. By the aid of Fig. 86 this may be done. 

Regarding the space between the fixed Hues D and E 
as representing the centi-al region, in each the fixed lines 
A Bc D E F o H D and E are nijiile 

I coincident. Tha 
other liui 
laid off 
prismatic as tl 
^' a[)pear through 

the flint-glass prism of the spectroscope; those of the 
diffi'action are arranged according to their wave-len^ 
It thus ajipears that in the prismatic, from the fixed 1 
D to A, the yellow, orange, and I'ed regions occupjr 4 
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tie more than half tlie space tliey do in the diffraction ; 
hile the green, lilue, indigo, and violet, from the fixed 
De E to II, oceujiy nearly double the space in tlie \ms- 
atic that they do in the diffraction spectrum. The gen- 
•hI result is, that in the prismatic the less refrangible 
^ions are much compressed, and the more refrangible 
luch dilated. And it is plain that the same will hold 
tod in a still greater degree for any invisible rays that 
e below tlie red and above the violet respectively. 
Now, if a thermometer of any kind were carried in 
iccession from the greatly dilated, more refrangible re- 
ions to the greatly condensed, less refrangible, could the 
easui-es obtained be accepted as expressing the true 
Utribution S The thermometric surface being invaiiable, 
ould it not receive in the less refraugiViIe spaces more 
lan its proper amount of beat, and in the more refrangi- 
le less than its proper amount ? 

If we should admit that the distribution of heat in a 
>rrectly formed spectrum is uniform, it is plain that 
ea^ures made by the use of a prism would not substan- 
Ate that admission. The concentration to which I have 
Uudi^d as taking place in the less refrangible region 
oaW give an exaggerated, an increased heat for that 
agioD : and, on the contrary, the dilatation of the more 
refrangible would give an exaggerated diminution of 
heat for that apace. But if it were possible to make sat- 
isfactory heat measures on the diffraction spectrum, in 
which the colored spaces and fixed lines are arranged ac- 
conling to their wave-lengths, the admission would be 
—substantiated. 

^p lu view of these facts, I did attempt, many years ago, 
^■p make heat measures on the diffrnction spectrum. But 
80 small is the heat that, as may be seen in the Philo- 
eophical Magazine (March, 185"), the results %vere un- 
satisfactory. More recently I have tried another meth- 
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od of investigatioD, on principles wLich I will now ex- 
plain. 

For tlie sake of clearness, restricting our thoiighta for 
the moment to the more familiar case of the visible spetr- 
trum, if we desired to iiscertain the true distribution of 
heat, would not tlie proper method be to coHet^t all the 
more refrangible rays into one focal group, and all tin; 
less refrangible into another focal group, and then meas- 
ure the heat that each gave? If the view currently re- 
ceived be correct, would not nearly all the heat observe*! 
be found in the latter of these foci, and little, if indeed 
any, be found in the former? But if all the vai'ious i-e- 
gious of the spectrum possess equal hent-giving powers, 
would not the heat in each of these foei be the samei 

Let us give greater ncecision to this idea. Using Ang- 
strom's wave-lengths — the length at the line A is 7604, 
and that at H* 3933, and these lines are not very far 
from the less and more refrangible ends of the vmhU 
spectrum respectivel}-. The middle point of this spec- 
trum is at 5768, which may therefore be called its opticul 
centre. This is a little beyond the sodium line D, which 
is 5892. Now, if by suitable means we reunite all the 
rays between 7604 and 5768 into one focus, and all the 
rays between 5768 and 3933 into another focus, are we 
not in a position to determine the true distribution of 
the heat? Should the heat at these two foci be sensibly 
the same, must not the conclusion at present held be 
abandoned ? 

If in these investigations the rays of the sun be used, 
it is necessary to I'estrict the examination to the visible 
spectrum, excluding the invisible red and invisible violet 
radiations. On these the earth's atmosphere exerts not 
only a very powerful but a very variable action, aud, 
what is still more, an action the result of which we can- 
not see, so that we are literally working iu the dark 
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'here are days on which, owing to the excessive absoi-p- 
;ion taking place among the ultra-red rays, a rock-salt 
has no advantage over one of glass. But if it is 
the visible spectrum alone that we are using, and the 
priems are of a matei-ial coloi'hss to the eye, we may be 
certain that they are exerting no selective absorption on 
any of the radiations of that spectrum, and that the in- 
dications they are giving are leliable. 

This variable absorptive action of the atmosphere de- 
peuda partly on changes in the amount of water vapoi-, 
and partly on the altitude of the fiun. At midday and 
ttt midsummer it is at a minimum. The disturbance 
is not merely a thermochrose, for both ends of the spec- 
titun are attacked. It is a matter of common observa- 
lon that the horizontal sun h&\ but little photographic 
wer, owing to atmosphei'ic ab^oiptiou of the ultra-vio- 
let rays, and under the same circumstances hia heating 
power is diminished, owing to the absorption of the ultra- 
red rays. But if the day be clear, and the suu's altitude 
lufficient, the visible spectrum may be considered as un- 
"iected. 

It should be borne in mind that the envelopes of the 
lin himself exert an absorptive action, which is power- 
illy felt in the ultra-violet region, as is indicated by 
ihe numerous fixed lines crowded together in that region. 
^he force of this remark will be appreciated on examin- 
ing the plate above referred to in i\m Philosophical May- 
twwfor May, 1843. 

It seems, then, that all the conditions necessary for the 
tlutiun of this problem will be closely approached if we 
lake use of prisms constituted of any substance which is 
tpletely colorless to tlie eye, and confine our measures to 
18 visible spectrum, collecting all the radiations between 
le fixed line A and the centre of that spectrum just be- 
md D into one focus, and all the radiations between 
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that centre and H' into acotLer focus, and by the theniw 
pilf, or any other suitable means, measuring the heat i 
these foci. 

Such is the method I ha%'e followed iu obtaining 1 
measures now to be presented : but before giving theto, 
there are certain preparatoiy facts which I wish to su^ 
mit to the consideration of the reader. 

(1.) In the mode of experiment hitherto adopted, ij 
special care has been taken to ascertain with accuracy ttf 
position of the "extreme red," yet that is held to be the 
point from which, on one side, we are to estimate the in- 
visible, and, on the other, the visible spectrum. Differ- 
ent persons, perhaps because of a different sensitiveness 
of their eyes, will estimate that position differently. The 
red light shades off gradually — it is almost impossible 
to tell when it really comes to an end. A linear thermo- 
pile, such as is commonly used, is liable, under these cir- 
eunisliinces, to give deceptive results, and any error in its 
indications counts in a double manner. It not only di- 
minishes the value of one spectrum, but it adds that dim- 
inution to the value of the other. The force of this re- 
mark will be understood by consideinng the best experi- 
ments hitherto made on this subject, those of Dr. Tvidall, 
as related in his "Heat a Mode of Motion" (London edi- 
tion, 1870, p. 420, etc.). In the case of the electric light, 
the result yielded by those experiments was that the 
beat in the invisible is eight times that of the visible 
region. But had there been an error in estimating t9 
position of the extreme red by only two niiUiraetera,j 
much would have been taken fi-ora the invisible and i 
ed to the visible that they would have been broughtV 
equality, and then the slightest turn of the screw (" 
earned the pile towards the dark spaee would 
given a preponderance to the visible. It is obviol 
therefore, that there cannot be certainty in such md 
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lures, tialess the fixed lines be resorted to as standard 
|l points. 

f (2.) A ray which haa passed through a solution of 
sulpliate of copper and ammonia possesses no insignifi- 
cant heating power. I took a stratum of a solution of 
that salt, of suuh strength that it only permitted waves 
,to pass which are of less length than 4860. Seen in the 
!*pectrosco])e, the colors transmitted through it com- 
menced with a thin green fringe, followed by blue, in- 
digo, violet. It therefore gave rays in which, according 
to the accepted views, little or no heat should be detect- 
ed. Yet I found that such rays produced one ninth of 
the heat of the solar beam. Does not this indisputably 
show that the raore refrangible rays have a higher ca- 
lorific power than is commonly imputed to them J 

(3.) Again, by the use of the apparatus presently to 
»e described, I found no difficulty in recognizing heat in 
\%he violet region. Hut in the mode of conducting the 
:periment heretofore resorted to, it could not be detect- 
in rays raore refi-angible than the blue. It was this ■ 
;ault which gave so mnch weight to the conclusion, that 
the more refr.'ingilde regions the calorific power is re- 
ilaced by chemical force, and strengthened the idea com- 
lonly entertained that tlie solar radiations consist of 
;hree distinct principles — heat, light, and actinism. In 
;he Memoir above referred to, as soon to be published, I 
lall present some facts which apparently make this view 
indefensible. 

(4.) If waves of light falling upon an absolutely black 
sorface, and becoming extinct thereby, be transmuted 
;to heat, if the warming of surfaces by incident light 
nothing more than the conversion of motion into 
leat — an illustration of the modern doctrine of the corre- 
lation of forces, heat itself being only " a mode of mo- 
tion" — it would seem extraordinary that the conversion 
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should cease in the green or blue or in any middlt 
On the contrary, calorific effects ought to be traceal 
throughout the entire length of the spectrum. Th< 
views OQ the transference of motion from the ether to 
particles of ponderable bodies, and conversely, I endeavor- 
ed to explain in detail in a memoir on Phosphorescent* 
inserted in the Philosophical J/(7yfl^«fli?, February, 1851. 
p. 98, etc. (Memoir VIII.). I had previously indicated 
them in the same journal, February, IS-IT (Memoir V 
A given series of waves of red light impinging upon 
extinguishing surface will prntluce a definite amount 
heat, and similar series of violet waves should produ^ 
the same aiuouut; for though an undulation of the lat- 
ter may have only half the length of one of the former, 
and therefore only half its vis viva, yet, io consequei 
of the equal velocity of waves of every color, the irapi 
or impulses, of the violet series will be twice as frequ) 
as those of the reJ. The same principle applies to any 
intermediate color, and hence it follows that every color 
ought to have the same heating power. 

Deaeriftion of Hie Apparatus emphyed. 

The optical arrangement I have employed for carryi 
the foregoing suggestions into practice is represented 
Fig. 87, and in a horizontal section by Fig. 88. 

A ray of sunlight reflected by a Silberman's beliof 
conies into a dark room through a slit, a, one raillimi 
wide. It then passes through a prism, b. On tlie froJI 
face of this prism is a black paper screen, re, having a 
rectangular opening, just sufBcient to permit the light of 
the slit to pass. After refraction the dispersed ray 
as a spectrum on a concave metallic mirrui', (/</, nine int 
es in aperture and eleven in focus for parallel rays, 
have sometimes used one of speculum metal, but mi 
frequently one silvered on its front face. In front of 
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iiTor thtre are therefore three foei. At a distance of 
eleven iiicbea there is one, e. Fig. 8S, giving a spectrum 
image of the sun. Still farther there is a second,/, which 
" \ a spectrum image of the slit, o, in which, if the prism 
|be at its angle of niiiiininm deviation, and the other ad- 

Eistmenta be correctly made, will be seen the Fraunhofer 
nes. Again, still farther otf, at g, is a focal image of 
ibe rectangular opening of the black paper, c c, on the 
front face of the 
prism. This i ra- 
ge, arising from 
lie recombination 
( all the dispei-aed 
kys, is consequent- 
f white. The sec- 
nd and third foci 
re at distances 
rom the mirror de- 
ending on the dis- 
wee of the slit, o, 
Dd the black pa- 
er,(?c, respectively. ng-st. 

With the intention of being certain that the light com- 
ig thi-ough the slit, a, is falling properly on the rectangii- 
ar opening in the prism screen, c c, a small looking-glass 

placed at p. Tlie experimenter, sitting near the niul- 
iplier, w, can then see distinctly the reflected image of 
bat opening. 

At the place where the second focal image, with its 
iVaunhofer lines, forms, two screens of white pasteboard, 
i, J, are arranged. By suitably phacing the former of 
hose, h, the more refrangible rays may be intercepted, 
ind in like manner by the other, i, the less refrangible. 
I) osing these screens, and particularly h, care mumt be 
ftken that no rays passing from the prism to the mirror 
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be obstructed, a remark that applies especially to the irf 
visible rays of less refrangibility than the red. For this 
reason the mirrorj (/ (/, must be placed at such an obliquity 
to its incident rays as to throw the focal images sufficient- 
ly on one side. Yet this obliquity must not be givater 
than is actually necessary for that purpose, or the purity 
of the second spectrum, with its Frauiihofer lines, will be 
interfered with. At the place of the third focus, arising 
from the reunion of the 
dispei'sed rajs, is the ther- 
—^— mopile,(7, connected by its 
V wiles, X; k, with the multi- 
plier, m. 

Whenever any of the 
visible rays of the Frauu- 
hofer spectrum are inter- 
cepted by advancing either 
of the screens k, i, tlie im- 
age oil the face of tlie pile 
ceases to be white. It be- 
*''"■■'' conies of a superb tint, an- 

swering to the combination of the nou-intercepted rays. 
A slip of white paper placed for a moment iu front of the 
pile will satisfy the experimenter how magnificent these 
colors are. It is evident, therefore, that by this arrange- 
ment the pile will enable us to measure the heat of any 
particular ray, or of any selected combination of rays. 
The screens can be arranged so as to reach any desig- 
nated Fraunhofer line. 

The pile I have used is of the common square form; 
a linear pile would not answer. The focal image on the 
pile is of very much greater width than the slit a, oo ac- 
count of the obliquity of the front face of the prism. 
By removing the screen li, and placing the screen 
that its edge coincides with the line A of the Fraunhi 
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lapectrum, all the invisible heat radiatious of less refrau- 
Igihility than the red are cut off, except the eoutarainat- 
*iiig ones arisiag from the general diffusion of light by 
the substance of the prism. Under these circumstances 
the image on the pile will be white, and the multiplier 
_ will give a deflection representing the heat of the visible 
nnd the estra-violet i-egions. If then the screen be ad- 
Ivanced still farther, until it has intercepted all the less 
ll-efrangible regions up to the sodinni line D oi- a little 
Ibeyond — that is, to. the optical centre of the speetnini — 
■•the tint on the face of the pile will be greenish - blue, 
■and the multiplier will give a measure of the heat of 
■the more refrangible half of the visible spectrum, to- 
K|;ether with that of the ultra-violet rays; the latter p<)r- 
ItiDn may, however, be eliminated by properly using the 
lother screen, /(. 

I Besides the error arising from stray heat diffused 
Ithrough the spectrum in consequence of the optical im- 
Iperfection of the prism, there is another which may be 
■recognized on recollecting the relative positions of the 
■prism, the concave mirror, and the face of the pile. It is 
■evident that the prism, considered as a warm or a cool 
Knass, is a source of disturbance, for the mirror reflects its 
pmage— that is, the image of the prism itself — to the pile. 
■After the intromitted sunbeam has ])assed through the 
krisin for a short time, the temperature of that mass has 
Bisen, and the heat from this source has become inter- 
nningled with the proper spectrum heat. But this error 
■b very easily eliminated. It is only necessaiy to put a 
fcereen, n, in the path of the incoming ray. between the 
Hit and the piism, and note the deflection of the multi- 
■>1iei'. Used as we are here supposing, the multiplier 
Bas two zeros. The first, which may be termed the 
fciagnetic, is tlie position in which the needles will stand 
nrben no cuireut is passing through the coil. The scale 
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of the instrument should be set to this. The other, 
which may be termeil the working zero, is formed ly 
coupling the pile and the nniltiplier together, and intro- 
ducing the screen n between the intromitting alit and 
the prism. On doing this it will proljably be found 
that the index will deviate a few divisions. Its po- 
sition should be accurately mai'ked at tlie beginning 
and close of each set of measures, and the proper cori-ec- 
tion for them made. The disturbing influences of t 
mass of the prism, of the mirror, and of the pile its( 
are thus eliminated. As respects the hist, it should i 
be forgotten that it may be aft'ected by changes in \ 
position of the pei-aon of the experimenter himselC 

With the intention of diminishing these errors, I haJ 
usually covered the upper and lower portions of the < 
cave minor,'/'/, with pieces of black paper, so arrangedl 
to leave a baud of sufficient width to receive and rei 
the entire spectrum, a a, Fig, 89, is the upper pnpei; &1 
the lower, c c the uncovered i-eflectiflT 
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band, receiving the spectrum, r v. Hac 
the spaces thus covered been ]>ermitted to 
reflect, they would have rendered more in- 

tense the image of the prism with its ex- 

"E-*»- traneous heat. 

As regards the multiplier, care must be taken to avoid 
disturbance from aerial currents. I have one of these 
instruments of French constructii>n, which could not be 
used in these delicate researches until proper arrange- 
ments were applied. It was covered with a ghass shade. 
The slightest cause occasioned currents in its included 
air, which perpetually diifted and distui'bed the needles. 
For this reason, and also for more accurate T-ending, it is 
best to view the position of the index through a siuj 
telescope. 
The combination of needles being nearly astatic^.| 




jntion must be paid to their magnetic perturbations, 
'lietber ai'iMUg from local or otber causes; and, since 
le vibrntious are very slow, aaiple time must be given 
efore the reading is ascertained. 

The condition of the face of the pile is of importance. 
i must ho such as to extinguish as completely as possiV)le 

1 the incident rays. To paint it with lamp-black, nii.v- 
1 with gum, will nut answer — the suiface so produce*! 

too glossy and reflecting. The jdau I have found best 

to take a glass tube half an inch in diameter and six 
iches long, open at both ends, and use it as a chimney. 
. piece of camphor being set on fire at the lower end, 
nd the face of the pile to be blackened being held for a 
lonient at tlie upper, it is covered with a dense black 
Im, without any risk of injury to the pile. Even at t lie 
est, when this has been done, there is an unavoidable 
mi'ce of error in the want of perfect blackness of the 
imp-black. It is sufficient to inspect the face of the pile 
'hen receiving rays from the concave mirror to be satis- 
ed how large a portion of light is reflected. The ex- 
erimeuts of Dr.Tytidall show that this substance also 
'ansmits a considerable percentage of the heat falling 
n it. Its quality of transmitting light is well known 
) every one who has looked at the sun through a 
noked glass. 

The galvanometer I have used is calibrated according 
) the usual mettiod. The numbers given in this Memoir 
o not rejiresent the angles of deflection, but their corre- 
ponding forces. 

The proper position of the intercepting screens ?i, i, can 
rften be veiified with precision by looking through blue 
obalt glass. This glass insulates a definite red, an 
range, and a yellow ray in the less refrangible regions, 
od then, commencing with the green, gives a continuous 
tnod to the end of the violet. Its red ray begins at the 
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less refrangible end of tbe spectrum, and ends neur C; 
it includes the fixed lines A, B, C Its orange r»y ]m 
wholly between C and D, including neither of those lines. 
Its yellow ray begins near 5894, and ends about 5581; 
the Hue D is therefore near its point of beginning. The 
remaining continuous band begins about 5425; it there- 
fore includes the lines E, b, F, G, H. I have found this 
glass of much use in determining how far the screen i 
has been pushed. It is convenient to select a light kinil 
of it, and by looking through one, two, or three pieces, 
the depth of color can be regulated at pleasure. 

The optical train which has acted on the sunbeam un- 
der examination is, therefore, (1) the sun's atmosphere ; 
(2) the earth's atmosphere; (3) the heliostat mirror of 
speculum metal; (4) the prism; (5) the concave miiTor 
of silvered glass; (6) the blackened face of the thermo- 
pile. 

Hesiilfn ohlaiiied by the Apparatua. 

We are now ready to examine the results which this 
optical apparatus yields, it having been of course pre- 
viously ascertained that the reflecting band of the con- 
cave imvVQV, d d, is sufficient to receive all the radiations 
coming from the i)rism, and that none are escaping past 
its edges. 

The operations required are as follows: 

The heliostat is to be set, and its reflected ray brought 
into the proper position. The optical train is adjusted, 
the prism being at its minimum deviation, and the 
cave mirror giving a white image on the face of 1 
pile. 

The screen h is then to be placed so that, without I 
tercepting any rays coming fi-om the prism to the min 
it cuts off all the Frauuhofer spectrum above H*. 

The screen i is so [ilaced as to rut off all rays less | 
frangible than the sodium line D. More coirectly, ( 
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ireen should be a little beyond D. The light on the 

of the pile will now be greenish- blue. 
The screen n is then placed so as to intercept the in- 
B^raitted beam. When the needles of the nuiltiplier 
ime to rest, they gix'e the working zero, which must be 
loted. 
The introniitting screen n being now removed, the mul- 
iplier will indiciite all the heat of the more refrangible 
iya; that is, from a little beyond D up to IP. The force 
Drrected tor the working zero is to be noted. 

The screen * is then removed to the line A, so as to give 
11 the radiations between the lines A and H*. The light 
n the face of the pile is white, and the multiplier gives 
She whole heat of the visible spectrum. By subtracting 
ite foregoing measure from this, we have the heat of the 
refrangible region; that is, from A to the centre of 
ibe spectrum. 

As a matter of cunosity the expenmenter may now, if 
10 please, remove the screens^, «'; the light on the face 
►f the pile will still be white, and the multiplier will 
ve the force of the entire radiations, except so far as 
fliey are disturbed by the thermochrose of the media. 
These measures, as they do not bear upon the prob- 
lem under consideration, I do not give in the following 
tables. 

Instead of advancing the screen 7 from the less tow- 
artls the more refrangible reginnn, I have very frequently 
moved /( from tlie more refrangible to the less. When it 
is brought down from II' to the centre ot the spectrum, 
the light on the face of the pile is of an intense orange- 
re<J— it might perhaps be called a bromine-red. I need 
not give further details of tliis mode of experimentation, 
as I did not find that its results differed in any impor- 
tant degree from those obtained as just described. 

The valuation in ditferent experiments may generally 



DISTRIBL'TION OF HEAT IN THE Sl'ECTBL'M. [Mkmoce XXVIII. 

traced to errors in placinj^ the screen i with exactoeas 
the centre of the spectrum and on the line A. 
For the sake of more convenient comparison, I have re- 
iced all the different sets of experiments to the stand- 
] of 100 for the whole visible spectrum. 
1 have made use of four prisms: (1) rock-salt; (5) 
t-g!asa ; (3) bisulphide of carbon ; (4) quartz, cut out 
ot the crystal so as to give a single image. 

All the observations here recorded were made on days 
when there was a cloudless sky. 

Table l.—Dislribulion of Heat by Rock-salt. 

SeHee t. Serlen □. 

(I) Heat of ibo nholo viBiLleBpecirnm 100 iou 

(3) " more refningible ivgion fi3 ul 



In this table the column marked Series I. gives the 
mean of tour sets of measures, and that marked II. of 
three. At the beginning of each set the rock-salt was 
repolished. 

Table II. — Distribution of Ileal bg Flint-glast. 

Seri«B I. Serleg IL 

(1) Heat oTthe whole \\nb\t spectrnm 100 100 

(H) " more rcfruiigible regiun 49 62 

(3) " leas '■ " 51 48 

Series I. gives the mean often sets of measures, Series 
II. of eight. 

Table III. — DiUribution of Heat by Bisulphide of Carbon. 

3eriea 1. SisriM IL 

(I) Heal of ihe ivhole Tiaible upeclrmn 100 lOO 

(2J " mnre rafmngible region 52 49 

(S) " leM " " 48 Et 

The sulphide employed was devoid of any yellowish 
tinge ; it was quite cleai'. Series I. is the mean of eight 
expeiiments, Scries II. of ten. 
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Tablb IV. — UiiUibutioii of Uml by Quarti. 

Serio) I. Secica It 

(t) Heaioflhe whole wiblu spectrum 100 100 

(,'i) " muro refritnt{iUe ntgiou VJ 63 

(fi) " luw -' •• CI 47 

Series I. represents' twenty -seveu experiments, Seriea 
L twelve. In tbe former two qumtz prisms were used 
D increase tlie dispersion ; in the latter only one was 
mployed. 

Perhaps it may not be unnecessary for me to say that 
[ have repeated these e-vpenitients many hundred times 
during a pei'iod of several months, including the winter 
nd the summer, varying the conditions as to the liour of 
the day, arrangement of the apparatus, etc., as much as I 
lould, and present the foregoing tables as fair examples 
if the results. Apprehending that the heliostat mirror, 
rhich was of speculum metal, might exert some disturb- 
Lg iufluenee on account of its faint reddish tinge, I re- 
tlaced it with one of glass silvered on the front face, but 
lould not detect any suVjstautial did'erence in the results. 

The imjiortant fact clearly brought into view by these 
ixperimeuts is, that if the visible spectrum be divided 
nto two equal portions, the ray having a wave-length of 
1768 being considered as the optical centie of such a 
pectrum, these portions will present heating poweiB so 
learly equal that we may impute the/:lifferenee3 to errore 
if experimentation. Assuming this as true, it necessarily 
fallows that in the spectrum any two series of undula- 
ions will have the saiue heating jiower, no matter what 
heir wave-lengths may be. 

But this conclusion leads unavoidably to a most ini- 
ortant modification of the views now universally held 
B regards the constitution of the spectrum. When a 
>y falU on an extinguishing surface, heat is produced ; 
tut that heat did not pre-exist in the ray. It arose from 
ho stojipage of ether waves, and is a pure instance of 
Cc 



402 niSTRIBUTIOS OF HEAT IX THE Sl'ECTRUM. [Hkmoik XX 

the conversion of motion into heat — an illustration < 
the modern doctrines of the conservation and transini 
tation of force. 

From this point of view, the conception that there ex- 
ist in an incident ray various prin'ciples disajjiiears alto- 
gether. We have to consider an incident ray as consist- 
ing solely of ethereal vibrations, which, when they are 
checked by an extinguishing substance, lose their vtJt viva. 
The effect that ensues depends on the quality of the sub- 
stance. The vibrations imparted to it may be manifest- 
ed by the production of heat, as iu the case of lamp- 
black, or by chemical changes, as in the case of many of 
the salts of silver. In the parallel instance of acoustics 
clear views have long ago been attained, and are firmly 
held. No one supposes that sound is one of the ingre- 
dients of the atmos])here, and it would not be more 
correct to assert that it is something emitted by 
sounding body than it is to affirm that light or heat, i 
actinism, is emitted by the sun. 

The progress of acti no-chemistry would be greatly I 
celerated if there could be steadfastly maintained a clear 
conception of the distinction between the mechanism of 
a ray and the effects to which that ray may give : 
The evolution of heat, the sensation of light, the prodo 
tion of chemical changes, are merely effects — manifeatj 
tions of the motions imparted to ponderable atoms; i 
these in their turn can give rise to convei-se results,! 
when we gradually raise the temperature of a substance 
the oscillating movements of its molecules are imparted 
to the ether, and waves of less and less length are sup- 
cessively engendered. 

In the title of this Memoir I have employed the phraj 
"disti-ibution of heat" in accordance with general usagi 
hut if the conclusion arrived at be true, it is plain that 
this should be exchanged for " production of heat." The 
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heat observed did not pre-exist in the incident rays : it is 
the result of their extinction. 

The remark has been made that these results are es- 
sentially connected with photometry. In fact, any ther- 
mometer is converted into a photometer if its ball or 
other receiving surface be coated with a perfectly opaque 
non-reflecting substance. 
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MEMOIR XXIX. 

OH" THE DISTBlBUnON OF OHKSnOAL FOROB IN THE 
SFEGIBUU. 

From the American Jonrnal of Sdeooe and ArU for Deeembar, 1 873, and Jumij, 
1879; Fhilotophical Maguine, DMember, 1872. 

CoHTEKTs: — The curves of Ike calorifc, luminous, and chrmiml tjw- 
tra, — Their errors. — Inappropriateness of the term oflinie rays. — 
7'herc is no localization of chemical effects. — Every radiation can pro- 
duce some specific effect, — Case of the silver cmnpuunds. — Jiilumau 
and resins. — Carbonic acid.— Colors of flowers.— Zmw of Grotlhus— 
Chlorine and ht/dropm. — Bending of stems of plants. — Absorption «■ 
aential to chemical action. — Decomposilitm of silver iodide. — Union of 
ehiorine and hydrogen. — Angstrom's laiB. — General conclusiona. — 
Chemical force exists in every portion of the sptctrutn. — Hack fiu/m- 
lion exercises chemical influences proper to itself. 

With scarcely an exception, the most recent works on 
the chemical action of radiations and spectrum analysis 
describe a tripartite arrangement of. the spectrum, illus- 
trated by an engraving of three curves, exhibiting the 
supposed relations of the calorific, the luminous, and the 
chemical spectra. This view, which by a mass of evi- 
dence may be shown to be erroneous, is exerting a very 
prejudicial effect on the progress of aetino-chemistry. 

I propose now to present certain facts which may aid 
in correcting this error. For this purpose it is necessary 
to show that chemical effects — decompositions and com- 
binations — may take place in any part of the spectrum. 
The points to be established may be thus distinctly 
stated : 

1st. That so far from chemical influences being re- 
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Btricted to tlie more refiangiljle rayg, eveiy part of tb« 
Bpeetruru, %'isible and invisible, can give rise to chemicul 
ebanges, of modify the molecular arrangement of bodies. 
2d. That the ray efiective in producing chemical or 
nolecular changes in any special substance is deterraiued 
by the absorptive property of that substance. 

I may here remark that both these propositions were 
naintained by me many years ago : au example of the 
Bl-st will be found in the Pkihmphkal Magazine (Dee., 
1842), and of the second ia a paper in the same journal, 
** On some Analogies between the Phenomena of the 
Chemical Rays and those of Radiant Heat" (Sept., Ibll), 
Memoir XVII. 

The opinion commonly held respecting the distvibu- 
ion of chemical force in the spectrum is mainly founded 
on the behavior of some of the compounds of silver. 
These darken when exposed to the more i-efrangible 
■ays, and, unless correct methods of examination be re- 
lorted to, seem to be unaffected by the less refrangible. 
Sence it has been supposed that in the higher parts of 
;he spectrum a special principle prevails, to which the 
lesignation of "actinic rays" is often applied — ^an inap- 
■opriate iteration. In these pages I use the derivatives 
n-i'c not in this restricted sense, but as expressive of 
■adiations of every kind. This is their proper siguifica- 

>D. 

Every part of the spectrum, no matter what its re- 

iDgibility may be, can produce chemical changes, and 

iherefore there is no special localization of force in any 

iDiited region. Out of a large body of evidence that 

light be adduced, I select a few prominent instances. 

Ist. — Cam of tlie Compounds of Silver. 
Silver is the basis of the most important photographic 
ensitive substances. Its iodide, bromide, aud chloride. 



darkening with rapidity 'under the influence of the more 
refrangible rays, have mainly been the cause of the mis- 
ciinception abu%'e alhided to respecting the tripartite con- 
stitution of the spectrum. It is necessary, therefoi-e, to 
determine what are really the habitudes of these sub- 
stances. 

(1.) If a spectrum be received on iodide of silver, 
formed ou the metallic tablet of the daguerreotype, ftod 
carefully scieened from all access of extraneous light, 
both before and duiing the exposure, ou developing 
with mercury vapor an impression is evolved, in all the 
more refrangible regions. This stain corresponds in 
character and position to the blackening effect which 
under like circumstances would be found on any com- 
mon sensitive silver paper. It Is this wliich has giveu 
rise to the opinion that the so-called actiuic rays exist 
only in the upper part of the spectrum. If, however, the 
action of the light be long continued, a white stain 
makes its appearance over all the less refrangible re- 
gions. It has a point of maximum to which I Bhfil 
again presently refer. 

(2.) But if the metallic tablet during its exposure! 
the spectrum be also receiving diffused light of little in- 
tensity, as the light of day or of a lamp, it will be found 
on developing that the impression obtained differs stt 
ingly from the preceding. Every ray that the piism ^ 
transmit, from below the extreme red to beyond the I 
trerae violet, has been active. The ultra-red lines a 
are present. It must be borne in mind that the impres- 
sion of these lines is a proof of proper spectrum action, 
and distinguishes it from that of diffused light, arising 
either from the atmosphere or fiom the imperfect trans- 
parency of the prism — a valuable indication. The result- 
ing photograph shows two vvell-maiked regions or ]>hases 
of action. Ou its general suiface, which, having con- 
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densed the mereury vapor, baa the aspect of the high 
lighta of the daguerreotype, aud forms, as it were, the 
Ijasia for the spectrum picture, there is in the region of 
the mure refraiigible rays a bluish or olive-colored im- 
pression, the counterpart of the result described iu the 
tbregoing paragraph. But in the region of the less re- 
frangible rays no mercuiial deposit has occurred, the 
place of those rays being depicted in metallic silver, 
dark, and answering to the shadows of the daguerreo- 
type. This protected portion, which stands out in bold 
'elief from the white liackgrouud, reaches from a little 
■below G to beyond the extreme red, and encloses the 
leat lines above named. They are iu the form of white 
itreaks. Though I speak of them as single lines, they 
are in reality groups, or perhaps bands. 

The general appearance of the photograph at once 
fiuggests that the less refrangible rays can arrest the ac- 
tion of the daylight and protect the silver iodide fi-om 
change. A close examination shows that there ai-e three 
points — the extreme red, the centie of the yellow, and the 
extreme violet — which apparently can hold the daylight 
in check. There are also two intervening ones iu which 
,tlie actions conspire. The point of maximum protection 
.corresponds to the point of maximum action referred to 
,»bove in paragraph (1). 

(3.) If the metallic tablet, previously to its exposure 
to the spectrum, be submitted for a few moments to a 
■weak light, so that, were it developed, it would at this 
stage whiten all over, the action of the spectrum upon 
it will be the same as in the last case (2). But this 
ichange in the mode of the experimeTit leads to a very 
^mportaut conclusion. The less refrangible rays can re- 
verse or undo the change, in whatever it may consist, 
that light has alrmdi/ impressed on the iodide of silver. 

Now, bearing iu mind the fact that the photographic 
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action of diffused light on this iodide is mainly due to 
the more refrangible rays it contains, we are brought by 
these experiments to the following conclusions : 

1st. Every ray in the spectrum acts on silver iodide. 

2d, The more refrangible rays apparently promote the 
action of daylight on that substance; the less refrangible 
apparently arrest it. 

3d. For the display of this arresting or antagonizing 
effect, it is not necessary that the less and more refran- 
gible rays should be acting simultarieomli/. An interval 
may elapse, and they may act succMsivelij. Hence the 
effect is not due to the contemporaneous interference of 
waves of different periods of vibration with one another 
— the material particles of the changing substance of 
the silver iodide are involved. 

I abstain for the moment from giving further details 
of these spectrum impressions. That has been very 
completely done by Herschel in the case of one I sent 
hira many yeare ago. His examination of it, illustrated 
by a lithograph, may be found in the Philosophical Mag- 
azine (¥^h., 1843). I shall have to return to the subject 
of the behavior of silver iodide in presence of radiations 
on a subsequent page of this Memoir. 

The main point at present established is this, that the 
iodide under proper treatment is affected by every ray 
that a flint-glass prism can transmit, and therefore it is 
altogether erroneous to suppose that chemical force ia 
restricted to the more refrangible portions of the s] 
trura. 

'id. — Case of Bitumens and Hesins. 

These substances are of special interest in the history 
of photography, since in the hands of Niepc^ they prob- 
ably were the first on which impressions in the camera 
were obtained and fixed. Their use has been abandoned 
in consequence, as it seems to me, of an incorrect opiniou 
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»f their want of sensitiveness. Properly used, tliey are 
arcely inferior to chloride of silver. 

The theory of their use is very simple. Alcohol, ether, 
^d vaiious volatile oils, respectively dissolve certain por- 
faons of these substances. If such a solution be spread 
in a thin film upon glass, as in the collodion operation, 
und parts of the suil'ace be then exposed to light, the 
toortions so exposed become insoluble in the same meu- 
itruum. They may therefore be developed by its use. 
Practically, care has to be taken to moderate the solvent 
rtion and to check it at the proper time. The former 
is accomplished by dilution with some other ajiprojiriate 
liquid, the latter by the affusion of a stream of water. 

The substance I have used is West India bitumen dis- 
Bolved in benzine, and developed by a mixture of ben- 
sine and alcohol. 

The bitumen solution being poured on a glass plate 
a & dark room, and drained off as in the operation of 
tollodion, leaves a film sufficiently thin to be iridescent. 
Fhis is exposed to the spectrum for five minutes, and 
then developed. 

The beginning of the impression is below the line A, 
te termination beyond H. Every ray in the spectrum 
The proof is continuous except where the Frauii- 
bofer lines fall. A better illustration that the chemical 
iction of the spectrum is not restricted to the higher 
lays, but is possessed by all, could hardly be adduced. 

3d. — Case of Carbonic Arid. 

The decomposition of carbonic acid by plants under 

jhe influence of sunshine is undoubtedly the most im- 

lOrtant of all actino-chemical facts. The existence of the 

iregetable world, and indeed it may be said the existence 
fall living beings, depends upon it. 
I firet effected this decomposition in the solar spec- 
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trum, as may be seen in Memoir X. Tbe results obtain- 
ed by me at that time from the direct spectrum experi- 
ment, that tbe decomposition of carbonic acid is effected 
by tbe less, not by tbe more refrangible rays, bave been 
confirmed by all recent experimenters, wbo differ only 
as regards tbe exact position of tbe maximum. In tbe 
discussions tbat bave arisen tbis decomposition bas often 
been incorrectly refeiTed to tbe green parts of planta. 
Plants wbicb bave been caused to germinate and grow 
to a certain stage in darkness are etiolated. Yet these, 
when brought into the sunlight, decompose carbonic 
acid, and theri turn green. The cblorophyl thus pro- 
duced is the effect of the decomposition, not its cause. 
Facts derived from the visible absoi*ptive action of cblo- 
rophyl do not necessarily apply to tbe decomposition of 
carbonic acid. Tbe curve of tbe production of cblorophyl, 
the curve of the destruction of cblorophyl, tbe curve of 
the visible absorption of cblorophyl, and the curve of the 
decomposition of carbonic acid, are not all necessarily co- 
incident. To confound them together, as is too frequent- 
ly (lone, is to be led to incorrect conclusions. 

Two different methods may be resorted to for deter- 
mining the rays which accomplish the decomposition of 
carbonic acid: 1st, the place of maximum evolution of 
oxygen gas in the spectrum may be determined; 2d, 
the place in which young etiolated plants turn green. 

I resorted to both these methods, and obtained from 
them the same results. The rays which decompose car- 
bonic acid are the same which turn etiolated plants 
green. They may be designated as the yellow with the 
orange on one side and a portion of green on the other. 
Though the form of experimentation does not admit of a 
close reference to the fixed lines, I think we are almost 
justified in supposing that the point of maximum action 
is in the yellow. It must be borne in mind tbat the 
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pidly increasing concentration of the rays occasioned 
f the peculiarity of prismatic dispersion towards the 
i end will give a deceptive preponderance in that di- 
ction. Without entering further into this discussion, 
ia sufficient for my present purpose to understand that 
! decomposition in question is accomplished by rays 
;ween the fixed lines B and F. 

The two absorptive media, potassium bichromate and 
pro-araraonium sulphate, so often and so usefully era- 
jyed in actiuo -chemical researches, conoborate this 
Qclusiou. Plants cannot decompose carbonic acid, nor 
a they tuni green in rays that have passed through a 
lutiou of tiie latter salt. They accoraplish both those 
tnlts in rays that have passed through the former. 
The decomposition of carbonic acid, and the produc- 
of chlorophyl by the less refrangible rays of the 
tlTini, afford thus a striking illustration that chem- 
changes may be brought about by other than the 
called chemical rays. 

■it/i. — Case of the Colors of Flowen. 
The production and destruction of vegetable coloi-s by 
agency of light have, of course, long been a matter of 
iinon observation. Little has, however, been done in 
special examination of the facts, and that little for . 
,e most part Ijy Herschel. 

We hare only to examine his Memoir in the Philo- 
ikical Tmnsaetums (Part II., 1842) to be satisfied that 
iarly every radiation can produce effects. Thus the 
Uow stain imparted by the Corchoni^ Japan ica to pa- 
is whitened by the green, blue, indigo, and violet 
PB. The rose-red of the Tenweeht-stuch is in like man- 
r changed by the yellow, oi'ange, and red. Tlie nch 
le tint of the Viola odoraUi, turned green by sodium 
rboDate, is bleached by the same group of rays; that Is, 
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by those less refrangible than the yellow. The green 
(chlorophyl) of the Mder leaf is changed by the estreme 
red. 

It is needless to extend this list of examples. TTie 
foregoing establish the principle that every part of the 
speotiura displays activity, some vegetable colora being 
affected by one, others by other rays. It is, however, 
desirable that the general principle at which Ilerschel luv 
nved — viz., that the luminous rays are chiefly effective — 
shotikl be more closely examined. Some important phys- 
iological explanations turn on that principle. These so- 
called luminous r-iys are such as can impress the retina. 
which, like organic colors, is a carbon compound. Thi 
are strong reasons for inferring that carbon is affected 
mainly by rays the wave-lengths of which are betw< 
those of the extreme red and extreme \-iolet, the mi 
mum being in the yellow. 

It is, however, to a former experimenter, Grotthas, 
we owe the discovery of the law under which these 
compositions of the colors of flowei-s take place, 
law in repeated instances was verified by Ilerschel, and 
more recently by myself. It njay be thus expressed: 
"The rays which are effective in the destruction of 
given vegetable color are those wliich by their ntti 
pro<luce a tint complementary to the color destroy! 
Even the partial establishment of this law, already 
complished, is sufficient to prove that chemical efffl 
are not limited to the more refrangible portions of 
spectrum, but can be occasioned by any ray. 

otit. — Caee of tJie Uhw?i of C/iIoium and Hyditigen^ 

In Memoir XVIII. may be found the description i 

an actinometer invented liy me, depending for its iq 

cations on the combination of cliloiine and hydrog( 

these gases having been evolved in equ-il volumes l"r( 



'here 

I 
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lydrochlonc acid by a small voltaic battery. This in- 
Btrument, modified to suit their purposes, was used by 
Pntfessors Bunseu and Roscoe iu their photometrical re- 
^earchea Many of my experiments were repeated by 
■tfaem (Tranmciions of the Royal Society, 1856, 1857). 
p Iu Table III. of my Memoir above referred to, it is 
r shown that this mixture is affected by every ray of the 
\ spectrum ; but by different ones with very different en- 
[ ei'gy. The maximum is in the indigo, the action there 
r being more than 700 times as powerful as in the ex- 
L treme red, 

6^. — Case of the Bending of the Stems of Plants in the 
I i^ctrunu 

I It is a matter of common observation that plants tend 
f to grow towards the light. Dr. Gardner was, however, 
I tlie first to examine the details of this phenomenon iu 
ftLe spectnmi. His Memoir is in the PhUom^hical Mag- 
I asine (Jan., 1844). When seeds are made to germinate 
kand grow for a few days iu darkness, they develop verti- 
l cal stems, very slender and some inches in length. These, 
I' on being placed so as to receive the spectrum, soon ex- 
[ libit a bending motion. The stems iu other parts of 
I the spectrum turn towards the indigo; those in the in- 
Idigo bend to the approaching ray. Removed into dark- 
rness, they recover their upiight position. These move- 
■ments are the most striking of all actinic phenomena. I 
Khave often witnessed them with admiration. 
I Dr. Gardner's experiments were repeated and con- 
farmed by M. Dutrochet, who, in a report to tlie Fieneh 
•.Academy of Sciences (^C'omptts- Rendus, No. 26, June, 
■1844), added a number of facts resjwcting the bending 
Wtot Tooi^ from the light, which he found to be occasioned 
■)y all the colored rays of the spectrum. 
■ In Dr. Gardnei-'s paper thei-e are also some interesting 
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facts respecting the bleaching or decolorization of chlo- 
rophyl by light He used an ethereal solution of that 
substance : 

^' The first action of light is perceived in the mean red 
rays, and it attains a maximum incomparably greater at 
that point than elsewhere. The next part affected is iD 
the indigo, and accompanying it there is an action from 
+10.5 to +36.0 of the same scale (Hei'schers) beginning 
abruptly in Fraunhofer's blue. So striking is this whole 
result that some of my earlier spectra contained 'a per 
fectly neutral space, from —5.0 to +20.5, in which the 
chlorophyl was in no way changed, while the solar 
picture in the red was sharp and of a dazzling whita 
The maximum in the indigo was also bleached, pro- 
ducing a linear spectiiim, as follows : 

in which the orange, yellow, and green rays are neutral 
These, it will be remembered, are active in forming 
chlorophyl. Upon longer exposure, the subordinate 
action along the yellow, etc., occurs, but not until the 
other portions are perfectly bleached. 

" In Sir J. Herschel's experiments there remained a 
salmon color after the discharge of the green. This is 
not seen when chlorophyl is used, and is due to a color- 
ing matter in the leaf, soluble in water, but insoluble in 
ether." 

I have quoted these results in detail because they il- 
lustrate in a striking manner the law that vegetahle col- 
ors are destroyed hi/ rays complementary to those thai 
luive jy^'oduced them, and furnish proof that rays of every 
refrangibility may be chemically active. 

At this point I abstain from adding other instances 
showing that chemical changes are brought about in 
every part of the spectrum. The list of cases here pre- 
sented might be indefinitely extended, if these did not 
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iffice. But liow is it possible to restrict tLe cLemioal 
irce of the spectrum to the legioQ of the more refrangi- 
!e rays, in face of the fact that compounds of silver 
ch as the iodide, which have heretofore been mainly 
llied apon to support that view, and, in fact, onginated 
^ nre now proved to be affected by eveiy ray from the 
visible ultra-red to the invisible ultra-violet; how, 
hen it is pi-oved that the decomposition of carbonic 
id, by far the most general and most important of the 
lemical actions of light, is biought about not by the 
ore refrangible, but by the yellow rays? The delicate 
tlora of flowers, which vary indefinitely in their tints, 
igiuate under the influence of rays of many different 
fi'ongibilities, and are bleached or destroyed by spec- 
um colors complementary to their own, and, therefoie, 
trying indefinitely in their refrangibility. Towards 
! indigo ray the stems of plants incline ; from the red 
eir roots turn away. There is not a wave of light 
at does not leave its impress on bitumens and resins, 

1 undulations promoting their oxidation, some their 
toxidatiou. These actions are not limited to decompo- 
non ; they extend to combinations. Every ray in the 
ectrura bnngs on the union of chlorine and hydrogen. 
The conclusion to which these facts point is, then, 
at it is erroneous to restiict the chemical force of the 
lectrum to the more refrangible, or, indeed, to any 
lecial region. There is not a ray, visible or invisible, 
at cannot produce a special chemical effect. The dia- 
»m 80 generally used to illustrate the calorific, lumi- 
ms, and chemical parts of the spectrum serves only to 
islead. 
While thus we find that chemical action may take 

i throughout the entire length of the spectrum, the 
Qiarks that Jiave been made in a previous Memoir 
LXVI.) res])ecting the diflereiices of calorific distnbu- 
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n in dispersion and diffraction, apply likewise to tlie 

uical force. To be satisfied of this it is only nece* 

irv to compare jibotograpbic impressions given by s 

n and a grating ! 
i publisbeJ engravings of such pbotographs in 1844, 
ly jire referred to in Memoir Vt As tbfy were ob- 
ned ou silver plates made sensitive by iodine, bro- 
une, and cblorine, tbey do not extend to tbe line F. 
I had found tbat certain practical advantages aiiae 
from tbe use of a reflected instead of a transmitted 
ctrum. Tbe ruled glass was therefore silvered upon 
ruled face witb tin amalgam, copying the surface jier- 
itly. Of the series of sjiectra I used tbe first. 
The fixed lines were beautifully represented in tbe 
lotographs, Tbey were, however, so numerous and so 
(. licate that I did not attempt to do more than to mark 
the prominent ones. These were, I believe, tbe first dif- 
fraction photographs tbat bad ever been obtained. The 
wave-lengths assigned were according to Fraunbofer's 
scale, which represents parts of a Paris inch. 

The length of tbe pbotogi'apbic impression given by the 
piism I was then using, from tbe line H to the ultra-violet 
end of tbe spectrum, was about three times that from H 
to G ; but in tbe spectrum by the grating, though the 
exposure was in one instance continued for a whole hour, 
tbe impression beyond H was not more than 1^ times 
tbe length of that to G. In more moderate exposures 
tbe last fixed line in tbe jabotograpb was about as far 
from H on one side as G was on tbe other. This, there- 
fore, showed very clearly tbe difference of distribution in 
the diffraction and prismatic spectra. 
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If the Chemical Action of Radiations on Substances. 
Having oifered the foregoiug evidence in suppoi't of 
e first proposition considered in this Memoir, which 
as to the effect — 

"That so far from chemical influences being restncted 
the more refrangible rays, every part of the spectrum, 

isible and invisible, can give rise to chemical changes, 
modify the molecular arrangement of bodies," I now 

Rss to the second, which is — 

That the ray effective in producing chemical or mo- 

jcalar changes in any special substance is determined 

y the absorptive property of that substance." 
This involves the conception of selective absoiittion, 

1 1 have formei'ly shown (^PhilosQpMml Magazine, Sept., 

B41), Memoir XVII. A ray which produces a maxi- 
um effect on one substaoce may have no effect on an- 
her. Thus the rays which change chlorophyl are not 
lose which change silver iodide. 

In the esaraiuation of this subject I shall select two 
ill-known instances, presenting the fewest elements and 
le simplest conditions. They are, 1st, the decomposition 
silver iodide, the basis of so many photographic prepa- 
tions; 2d, the production of hydrochloric acid by the 
lion of its two constituents, chlorine and hydrogen — a 
ixture of these gases being exceedingly sensitive to 
;ht. 

\8(. — Of tits Decomposition of Silver lodi^k. 

There are two forms in which the silver iodide has 

m used for photographic purposes : Ist, when prepai'ed 

the action of the vapor of iodine on metallic silver, as 

in the daguerreotype tablet; 2d, when nitrate of silver 

is decomposed by iodide of potassium, or other metallic 

These preparations differ strikingly in their ac- 

Dd 
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tinic behavior, the former furnishiog by far the most 
teresting series of facts. 

Wheo a polished surface of silver is exposed at com- 
raon temperatures to the vapor of iodine, it speedily 
tarnishes, a fihn of silver iodide forming. This paasra 
through several well-marked tints as the exposure con- 
tinues and the thickness increases. They may he thm 
enumerated in the order of their occurrence: 1, lemon- 
yellow; 2, golden -yellow; 3, red; 4, blue; 5, lavender; 
fi, metallic; 7, deep yellow ; 8, red ; 9, green. 

All these films are sensitive. Under the influence of 
radiations they exhibit two phases of modification: 1st, 
an invisible modification, which, however, can be niatJe 
apparent or developed, as D.ngiierre discovered, by ex- 
posure to the vapor uf mercury, the iotlide turning white 
by the condensation of mercury upon it wherever it has 
been exposed to light, but remaining unacted ujx»n ia 
parts that have been in shadow ; 2d, a visible modifica- 
tion, which arises under a longer exposure, the iodklft 
passing through various shades of olive and blue, 
eventually becoming dark gray. 

But though all the variously tinted films of 
iodide arc impressionable, they differ gi-eatly in reli 
sensitiveness when compared with each otiier. This 
be very satisfactorily shown by producing on one 
tablet bands of all the above-named colors — an 
readily accomplished by suitably unscreening fraeces 
portions of the tablet during the process of iodizing, 
then exposing all at the same time to a common radial 
It will be found, on developing with mercury vapor, 
the Iiands of a yellow color have been the roost sensi' 
those of a metallic iuipect have been scarcely aHed^ 
and those of other tints intermediately. It is to be 
ticularly remarked that the second yellow, numhei 
in the above senes, is equally sensitive with thi 
yellow, numbered 2. 
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From this it appears that the sensitiveness of this fonu 
f iodiiiedepemls not merely on its chemieal constitution, 
but also ou its optical properties. Tlie explanation of 
his ditferent sensitiveness in dift'erent fiinis of iodide lie- 
J obvious when we cause n talilet prepared, as just 
described, with tinted bands to ifflect the radiations fall- 
ing on it to another tablet iodized to a yellow color, and 
placed in a camera. After due exposure and develop- 
^ment of botli with mercury, it will he found that tlie iiii- 
I of the flist tablet formed on the second consists of 
mnds ofdifl'erent shades of whiteness. The yellow part^ 
f the first tablet have scarcely aftected the second, but 
i metallic and bine parts have acted very powerfuUj'. 
Pn comparing the first plate and its image on the second 
jether, it will be perceived that the parts that have 
«D affected on the one are less affected on the other. 
. It may therefore be inferred that the yellow films are 
nsitive becanse they absorb the incident radiation, and 
^e metallic and blue are insensitive because they re- 



. The effect, in whatever it may consist, which occurs 
poring the invisible modification is notdurable: it grad- 
Killy passes away. If tablets that have received im- 

«8sions be kept for a time before developing, the im- 
jea upon them gradually disappear. On these tablets 
fcere is no lateral propagation of effect, nothing answer- 

r to conduction. 
) On examining the operation of a radiation conttnnous- 

r applieil to one of tliese sensitive films, it will be dls- 
bvered that a certain time elapses — that is, a certain 

nount of the radiation is consumed — before there is any 
brceptible effect. When that is accomplished, the radi- 
Bon affects the film to a degme proportional to its quan- 
By, until a second stage is reached ; there is then an- 

iher pause, followed by the second stage, in which vis- 
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ilile modification or chemical decomposition sets in. The 
film begins to darken ; it passes tbrougb successive tints 
— brown, red, olive, blue — and eventually becomes dark 
gray. 

I have described in some of the foregoing paragraphs 
the action of the spectrum on silver iodide as presented 
on the tablet of the daguerreotype, showing the differ- 
ence in the impression obtained: 1st, when extraneous 
lit;ht has been excluded; and, 2d, when it has been per- 
mitted simultaneously or previously to act. 

In the latter case, in all that region of the spectrum 
tVom the more refrangible extremity to somewhat below 
the line G, the usual darkening effect manifested by silver 
compounds is observed ; but beyond this, and to the ex- 
treme less refrangible rays, with certain vaiiations of in- 
tensity, the action of the extraneous and simultaneously 
at;ting light is checked, and the ettect of previously act- 
ing light is destroyed. 

It happened that iu 1842 I obtained two very fine 
specimens of the latter spectra; one of these I sent to 
Sir J. Herschel, the other is still in my jxissessJon. 

In the Philosophical Magazine (Feb., 1843), Herschel 
gave a detailed description of these spectrum impressions. 
He was disposed to refer the appearance they present to 
the phenomena of thin films, but at the same time point- 
ed out the difficulties in the way of that explanation. 
He also sent me three proofs he had obtained on ordi- 
nary sensitive paper, darkened by exposure to light, then 
washed with a solution of iodide of potassium, and placed 
in the spectrum. He described them as follows: 

(1.) " Blackened paper from which excess of nitrate of 
silver has not been abstracted, under the influence of an. 
iodic salt. Produced by a November sun. N.B. — V) 
it also transparently against the light." 

(2.) " Blackened paper under the influence of an 
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lit when no excess of nitrate of silver exists in the 
Kiper." 

(3.) "Action of spectrum under iodic infiuence when 
rery little nitrate of silver remains in excess in the pa- 
To be viewed also transparently." 

These paper photographs I still preserve. They are as 
•ertect as when first made. The different colored spaces 
if the spectrum are marked upon them with pencil. The 
ippearances they respectively present are as follows : (1) 
I bleached by the more refrangible rays, and blackened 
leeply from the yellow to the ultra-red ; (2) is bleached 
rom the ultra invisible red to the ultra-violet (a maxi- 
num occm-s abruptly about the blue) ; (3) has the same 
ipper spectrum as the others, a bleached dot in the cen- 

i of the yellow, and a darkened space on the extreme 
ed. The action has reached from the ultra-red to the 
iltra-violet. 

In Herschel's opinion, these effects in the less refran- 
;ible region are connected with the drying of the paper. 
t is well known that paper in a damp condition is more 
enaitive than such as is dry. Bnt obviously this con- 
lition does not obtain in the case of the dagueiTeotype 
peratioi), which is essentially a dry process. 

In 1846 MM. Foucault and Fizean, having repeated 
be experiment originally made by me, presented a com- 
nunication to the French Academy of Sciences to the 
ffect that when a silver tablet which has been sensitized 
►y exposure to iodine and bromine, and then impressed 
\y light, is exposed to the spectrum, the effect is greatly 
acreftsed in all the region above the line C, and is neu- 
ralized in all that below C They remarked the dis- 
iDCtness with which the atmospheric line A comes out. 
sd saw the ultra spectrum heat-rays n, j3, y described by 
Qe some years previously. 

The interpretation given by them is, that the more re- 
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frangible mys promote the previous action of light; the 
less neutralize it. Tbe curve representing the chemical 
intensity of the different rays wouUl cross the axis of 
abscissas about the boundary of the red and orange; bfr 
low that point to the ultra-red the ordinates would have 
negative values; above it to the ultra-violet those values 
would be positive {Coniptes-Rendua, No. 14, tome xxiii.). 

Hereupon M. Becquerel communicated to the Bame 
Academy a criticism on this iuterpretation, the opinion 
maintained by him being that while the more refrangi- 
ble raya excite sensitive surfaces, the less refrangible, far 
from neutralizing, continue the action so begun. To the 
former he gave the designation "rayons excitatenvs," to 
the latter "rayons continuateurs" {Compk's-HemluS;" 
17, tome xxiii.). 

In 18-t7 M, Claudet communicated a paper to 
Royal Society, subsequently published in the PhikiMj 
teal Magazine (Feb., 1848), on this subject. His atten- 
tion had been drawn to it by observing that the red im- 
age of the sun, during a dense fog, had destroyed the 
effect previously produced on a sensitive silver surface, 
and that this destruction could be occasioned at pleasure 
by the use of red and yellow screens. A suri'ace which 
has been impressed by daylight, and the impression then 
obliterated by the less refrangible rays, had recovered its 
primitive condition. It was ready to be impressed agaio 
by daylight, and again the resulting eflect might be di 
stroyed. Claudet found that this excitation and neu: 
ization miglit be repeated m.iny times, the chemical 
stitution of the fibu remaining unchanged to the last. 

These facts seem to be inconsistent with Herschel^ 
opinion, that positive and negative pictnres may succee! 
each other by the continued action of a radiation, oa 
principle of Newton's rings. 

On a collodion surface such negative neutralizil 
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revei-siug actions canuot be obtaiued by the less refran- 
gible rays. The spectrum impression developed in the 
usual manner by an iron salt presents a sudden maxi- 
mum about the line G, and continues thence to the high- 
est limit of the spectrum. In the other direction it ex- 
, tends below F. F]om E to the ultra-red not a trace of 
jtion can be detected. The lines o, /3, y cannot be ob- 
ined on collodion. There is, therefore, a difference be- 
' tween its behavior under exposure to light and that of 
a daguerreotype tablet. 

The reversals that are obtained on collodion by the 
use of certain haloid coiupounds are altogether difi'erent 
from the reversals ou the thin films of a silver tablet. 
^J!hey are produced by the more refrangible rays. 
^M On exposing a collodion surface (prepared in the usual 
^Banner) to daylight long enough to stain it completely, 
^Tlien washing oft' the free nitrate, and iu succession dip- 
ping the plate into a weak solution of iodide of potas- 
sium, e-vpoaing it to the sjiectruni, washing, again dip- 
ping it into the nitrate bath, and finally developing, a re- 
versed action is obtained. The daylight is perfectly neii- 
—tralized, but not after the manner iu a daguerreotype. 
J region about G, the place of maximum action in 
Uodion, the impression of the light is totally removed 
1 exposure of five seconds. In twelve seconds the 
cted space is much larger; in thirty seconds it has 
ad from F to H. It is, however, to be jjarticularly 
marked that the less refrangible rays show no action. 

I results are substantially the same when, instead 
P iodide of potassium, the chloride of sodium, corrosive 
pbliuiate, bromide of potassium, or fluoride of })otassium 
^ naed. In all these the reversing action is fi'om F to 
\ and lias its maximum somewhere about G. That is, 
reversing action coincides with the direct action : 
> protection in the lower portion of the spec- 
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tnim, as in the daguerreotype. The effect is altogether 
due to the change of compositiou of the sensitive film. 
Ordinarily it contains free nitrate; now it contains fi-ee 
iodide, chloride, etc 

The silver compounds of collodion absorb the radia- 
tions falling on them which are capable of producing a 
photogi'aphic effect. Yet, sensitive as it is, collodion is 
very far from having its maximum sensitiveness, as is 
shown by the following experiment, which is of no small 
interest to photographers: I took five dry collodion 
plates, prepared by what is known as the tannin process, 
and, having made a pile of them, caused the rays of a gas- 
flame to pass through them all at the same time. On 
developing, it was found that the first plate was strongly 
impressed, and the second, which had been behind it, ap- 
parently quite as much. Even the fifth was considerably 
stained. From this it follows that the collodion film, as 
ordinarily used, absorbs only a fractional part of the 
rays that can affect it. Could it be made to absorb the 
whole, its sensitiveness would be correspondingly in- 
creased. 

Radiations that have suffered complete absorption can 
bnng about no further change. Partial absoiption, aris- 
ing from inadequate thickness, may leave a ray possessed 
of a portion of its power. There must be a correspond- 
ence between the intensity of the incident ray and the 
thickness of the absorbing medium to produce a maxi- 
mum effect. 

Though the silver iodide is affected by radiations of 
every refi'angibility, it is decomposed so that a subiodidc 
results only by those of which the wavedength is less 
than 5000. If in presence of metallic silver, as on the 
daguerreotype tablet, the iodine disengaged unites with 
the free silver beneath. The rays of high refrangibility 
occasion in it chemical decomposition ; those of less re- 
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uigibility, physical modification. In the language of 
ihe older theoiies of actino-ehemistry, this substance may 

J said to exert a selective absorption. In tins it illus- 
trates the general principle, that it depends on the nat- 
: of the ponderable material presented to radiations 
phich of them shall be absorbed. 

2d. — Of the Union of CliloHne and Hydrogen. 
An interesting experiment, illustrating the fact that 
chlorine gas absorbs the radiations which hring about 
ita combination with hydrogen, may be made by cover- 
ing a test-tube containing an explosive mixture of equal 
volumes of those gases with a large jar filled with chlo- 
rine. This arrangement may he exposed in the open 
daylight without risk of exploding the mixture; but if 
the experiment be made with a covering jar containing 
atmospheric air instead of chlorine, the gases immediate- 
ly unite, and commonly with an explosion. 

I placed a mixture of equal volumes of chlorine and 
hydrogen in a vessel made of plate-glass, the edges of 
the pieces being cemented together. This vessel was so 
arranged on a small porcelain trough, containing a satu- 
solutiou of common salt, that it could be used as a 
-jar. The radiations of a lamp were caused to pass 
through it, Bo as to be submitted to the selective absoip- 
tion of the mixture. They were then received on a chlor- 
hydrogen actinometer. 

Successive experiments were then made: Ist, with the 
radiations of a lamp after passing through the absorption 
.vessel; 2d, with the same radiations after the vessel had 
m removed. 

facts were now apparent: 1st, the mixture of 
ilorine and hydrogen in the absorption vessel began to 
Ite under the influence of the rays of the lamp; 2d, 
rays which had passed through that mixture had lost 
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very much of their chemical force. It was not totally 
extinct, but the actinometer showed that it had under 
gone a very great diminution. 

From this it follows that, on its passage through a 
mixture of chlorine and hydrogen, the radiation had suf- 
fered absorption, and as respects the mixture under trial 
had become deactinized. Simultaneously the mixture 
itself had been affected, its constituent gases uniting. 
And thus it appears that the radiation had undergone a 
change in producing a change in the ponderable matter. 

The following modification of this experiment shows 
the part played by the chlorine and hydrogen respective- 
ly when they are in the act of uniting : 

(a) The glass absolution vessel al)ove described was 
filled with atmospheric air, and the chemical force of the 
radiation passing from the lamp through it was deter 
mined. It was measured by the time required to cause 
the index of the actinometer to descend through one di- 
vision. This was 12 seconds. 

(b) The absorption vessel was now half filled with 
chlorine, obtained from hydrochloric acid and peroxide 
of manganese. The chemical force of the ray after pass- 
ing through it was determined as before. It was now 
represented by 25^ seconds. 

(<?) To the chlorine an equal volume of hydrogen was 
added, the absorption vessel being consequently full of 
the mixture. The radiation was now passing through a 
stratum of chlorine diluted with hydrogen, and the point 
to be determined was whether it had undergone the 
same, or a greater, or less loss than in the preceding case, 
since the chlorine was now uniting with the hydrogen. 
On measuring the force, it was found to be represented 
by 19 seconds. 

((I) Lastly, the first (t/) of these measures was re- 
peated with a view of ascertaining whether the inten* 
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rity of the lamp had changed. It gave 12 seconds as 
Iwfore. 
Fi-om these observations it may be concluded that the 

dditiou of hydrogen to chlorine does not increase its 
ibsorptive power. Mureovei*, it is obvious that the ac- 
aon of the radiation is expended primarily on the chlo- 

ne, giving it a disposition to unite with the hydrogen, 

id that the functions dischai^ed by the chlorine and 
l)y the hydrogen respectively are altogether different. 
The ray itself also undergoes a change; it suffera absorp- 
ijon and loss of a part of its vis viva. 

As to the ray which is thus absorbed. In 183.5 I 
»und that a radiation which had passed through a solu- 

ion of potassium bichromate failed to accomplish the 

lOioQ of chlorine and hydrogen ; but one which had 
passed through ammonia sulphate of copper could do it 

mergetically. This indicates that the ettVctive rays are 
imong the more refrangible. On ex|)08ing these gases 

1 the spectrum, the maximum action takes place in the 
indigo rays (^Philosophical Magazine, Dec, 1 ti43), Memoir 

Kvm. 

Recently (1S71) some suggestions have been made by 
". Budde respecting the action of light upon chlorine, 
idmitting the correctness of the theorem that the mole- 
Hiles of most elementary gases consist of two atoms, he 
lonceives that the cfl'ect of light on chlorine is to tend 
) divide, or actually to divide, its molecule into isolated 
oras. These atoms, If the gas be kept in the dark, 
Bay reunite into molecules. 

k The chlorine molecule cannot unite with hydrogen; 
* chlorine atom can; hence insolation brings on com- 
lAtion, But if the chlorine be unmixed, there will, as 
. coDBequence of insolation, be a certain proportion of 
jDcombiued atoms; and fiom this, together with Avo- 
^ftdlO^s theorem, is drawn the conclusion that this gas 
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tlirough insolation increases in speciBc volume. More- 
ovei", as tbe reunion of the cLlorine atoms probably 
produces heat, rays of high refraiigibility will cause 
chlorine to expand; but it will conti'act to its original 
volume when no longer under the influence of light. 

In corroboration of this conclusion, Budde found that 
a diiferential thermometer filled with chlorine showetl a 
certain expansion when placed in the red or yellow rays, 
but it gave an expansion sis or seven times greftl 
when in the violet rays. With carbonic acid and etl 
no such effect took place. 

It should not be foi^otten, however, in considenDg* 
the bearing of these experiments, that chlorine merely 
because it is yellowish -green will absorb rays of a com- 
plementary — that is, of an indigo and violet — color ^d 
become heated thei'eby. 

It has nest to be determined wbether the points of 
maximum action — that is, the points of maximum al»- 
sorption — correspond to the rays of emission of either or 
both these gases, as they apparently ought to do under 
Angstrom's law : " A gas when luminous emits rays of 
light of the same refrangibility as those which it has the 
power to absorb." 

Of the four rays characteristic of hydrogen there is 
one the wave-length of which is 4340. It is in the 
digo space. 

Pliicker gives for chlorine a ray nearly answering 
this. Its wave-length is 4838, and also another, 4-54f>, the 
latter being one of the best marked of the chlorine lines. 

There aie, therefoi'e, rays in the indigo which are ab- 
sorbed both by hydrogen and by chlorine. The place 
of these rays in the spectrum corresponds to that in 
which the gases unite — the place of maximum action 
their mixture. 

But the absoiiiti^'e action of chloiine is not limil 
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o a few isolated lines. The gas removes a veiy large 

Wltion of the spectrum. Subsequent expeiiments must 

letermiue whether each of these lines of absorption is 

hlao a Hub of muxinium chemical aetion. 
The ch lor -hydrogen actinometer furnishes the means 

rf ascertaining many facts respecting the combination of 

iiose substances advantageously, siuce it gives accurate 

^uaatitative measures. 
By referring to my papei-s io the PhUmopMcal Mag- 

mite (Dec, liS43; July, 1844; Nov., 1845; Nov., 1857) it 
ill be found that chlorine aud hydrogen do not unite 
I the dark at any ordinary temperature or in any 
ingth of time ; but if exposed to a feeble radiation, such 
) that of a lamp, they ai-e strongly affected. The phe- 

lomena present two phases: 1st, for a biief period there 
no recognizable chemical eft'ect, a preliminary actiniza- 

aon, or, as Professors Bunsen aud Uoscoe subsequently 
srmed it, photo -chemical induction, taking place (it is 
lanifested by au expansion and contraction of the mixt- 
re); 2d, the combination of the gases begins, it steadily 
icreases, and soon acquires uniformity. In obtaining 
icasares l)y the use of these gases we must, therefore, 
'nit until this preliminary actinizatiou is completed, 
liat accomplished, the hydrochloric acid aiising from 
IB uuiou of the gases is absorbed so quickly that the 
lovements of the index-liquid over the graduated scale 
ive trustworthy indicationa 
As regards the duration of the effect produced on the 
Bses by this preliminary actinization, I found that it 
}Dtinued some time — several bout's (P/iifmophical Mag- 
?MW^ July, 1844),Memoir XIX. Professors Bunsen aud 
toscoe, however, in their Memoir read before the Royal 
l^oociety, state that it is quite transient iTraiisactioim 

of the Koyal Society, 185t(), 
This preliminary actiuization completed, the quantity 
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of hydrochloric acid produced measures the quantity of 
the acting radiation. This I proved by using a gas- 
flame of standard height, and a measuring lens (page 
266) consisting of a double convex, five inches in diame- 
ter, sectors of which could be uncovered by the rotation 
of pasteboard screens upon its centre, the quantity of hy- 
drochloric acid produced in a given time being propor 
tional to the area of the sector uncovered. The same was 
also proved by using a standard flame and exposing the 
gases during different periods of tima The quantity 
of hydrochloric acid produced is proportional to the tima 

The follovring experiment illustrates the phenomena 
arising during the actinization of a mixture of chlorine 
and hydrogen, and substantiates several of the forgoing 
statements 

The diverging rays of a lamp were made parallel by a 
suitable combination of convex lenses. In the resulting 
beam a chlor • hydrogen actinometer was placed, there 
being in front of it a metallic screen, so arranged that it 
could be easily removed or replaced, and thus permit the 
rays of the lamp to fall on the actinometer or intercept 
them. 

On removing the screen and allowing the rays to fall 
on the sensitive mixture in the actinometer, an expansion 
amounting to half a degree was observed. In 60 sec- 
onds this expansion ceased. 

The volume of the mixture now remained stationary, 
no apparent change going on in it. At length, after the 
close of 270 seconds, it was beginning to contract and 
hydrochloric acid to foim. 

At the end of 45 seconds more a contraction of half a 
degree had occurred : the volume of the mixture was 
therefore now the same as when the experiment began, 
this half degree of contraction compensating for the half 
degree of expansion. 
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Tbe rate of contraction of the gaseous mixture — that 
is, the rate at which its constituents were uniting — was 
then ascertained. 

Froni these observations it appeared that when chlo- 
rine and hydrogen unite, under the influence of a radia- 
tion, there are four distinct periods of action: 
1st. For a brief period the mixture expands. 
2d. For a much longer period it then remains station- 
ary in volume, though still absorbing rays. 

3d. Contraction arising from the production of hydro- 
«bloric acid begins. At first it goes on slowly, then 
more and more rapidly. 

4th. After that contraction is fully established, it pro- 
ceeds with uniformity, equ.il quantities of hydrochloric 
»cid being produced in equal times by the action of 
^equal quantities of the rays. 

The prominent phenomena exhibited by a mixture of 
chlorine and hydiogen are a prelirainaiy absorption and 
\ subsequent definite action. 

It may be remarked, since a similar preliminary ab- 
lorption occurs in the case of other sensitive substances, 
that there is in practical photography an advantage, both 
I respects time and correctness in light and shadow, 
gained by submitting a sensitive surface to a brief ex- 
Bure in a dim light, so as to pass it through its pre- 
iminary stage. 

The expansion referred to as talcing place during the 

Brat of these periods may be advantageously observed 
irhen the disturbing radiation is very intense. It is well 
leen when a Leyden-jar is discharged in the vicinity of 
ibe actinometer. Though this light lasts but a very 
Ifnall fraction of a second, it pniduces an instantaneous ex- 
)an$inn, followed by an instantaneous contraction. Not 
onfi-equently the gases unite with an explosion, I have 
|mu1 several of these instruments destroyed in that manner. 
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It might be supposed tLat tLis instantaneons expansion' 
18 due to a heat disturbance ansing from the absorption 
of rays that are not engaged in producing the chemical 
effect. But this interpretation seems to be incompatibly 
with the instantaneously following contraction. Tbougql 
it is admissible that heat should be instantaneously di4 
engaged by the preliminary actinization, it is difficult t 
conceive bow it can so instantaneously disappear. 

When the radiation is withdrawn and the hydrochlori 
acid absorbed, there is uo after-combining. The action i 
perfectly definite. For a given amount of chemical t 
tion, an equivalent quantity of the radiation is absorbec 

The instances I have cited in this discussion of tlw 
mode of action of radiations are, one of decomposition, in 
the case of the silver iodide; and one of combination, in 
the case of hydrochloric acid. I might have iutroducM 
another^ — -the dissociation of ferric oxalate, which I hav| 
closely studied— but it would have made the Memoir < 
undue length. From the facta herein considered the t'o% 
lowing deductions may be drawn : 

When a radiation impinges on a material substance,! 
imparts to that substance more or less of its vis viva, a 
therefore undergoes a change itself The substance I 
is disturbed. Its physical and chemical jiroiieities d^ 
termine the resulting phenomena. 

(1st.) If the substance be black and undeconiposalile, 
the radiation establishes vibrations among the molecules 
it encounters. We interpret these vibrations as radiant 
heat. The molecules of the medium do not lose the vit^ 
viva they have acquired at once, since they are of greate 
density than the ether, Each becomes a centre of agiti 
tion, and heat-iadiation and conduction in all directioflj 
are the result. The undulations thus set up are cod 
mouly of longer waves ; and as the movements gradui ' 
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decline, the shorter «'aves of these (ire the first to be ex- 
tinguished, the longer ones the last. This, therefore, is 
in accordaiice with what I fuund to be the case in the 
gradual warming of a solid body, iii which the long waves 
pertain to a low temperature, the short ones aiisicg as 
■the teraiwrature aseeuds (Memoir L). 

Ill soiiie cases, however, instead of the disturbing un- 

Dulation giving rise to longer waves, it produces shorter 

ones, as is shown when a platinum wire is put into a 

hydrogen flame, or by Tyntlall's exjteviments, in w^hich 

^invisible undulations below the red give rise to the igni- 

^Bion of platinum. 

^H (:3d.) If the substance be colored and undecomposable, 
^H^will extinguish rays complementary to its own tint. 
^^Hie temperature will rise correspondingly. 
^V (3d.) If the substance be decomposable, those portions 
1 of tlie radiation presented to it which are of a comple- 
mentary tint will be extinguished. The force thus dis- 
^ippearing will not be expended in establishing viVirations 
^b) the arresting pai'ticles, but in breaking dowu the union 
^Bf those which have arrested them from associated ]>ar- 
^Kcles. No vibrations, therefore, are originated ; no heat 
^H produced; there is no lateral conduction, 

^B In actinic decomiiositions the efi^ects may be conven- 
^Wotly divided into two phases: 1st, physical ; 2d, chemi- 
^^■1. The physical phase precedes the chemical. It con- 
^BSts in a preliminary disturbance of the group of mol- 
^Bimles about to be decomposed. Up to a certain point 
^^pe disloctitinn taking place may be retraced or reduced, 
^Kd things brought back to their original condition. 
^Bat that point once gained, decomposition ensues, and 
^Bie result is permanent. 

^B I may perhaps illustrate this by a familiar example. 
^B a sheet of paper be held before a tire, its surface will 
■ £e 
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grhdually warm ; and if the exposure be not too long or 
the fire too hot, on removing it the paper will gradually 
cool, recovering its former condition without any perma- 
nent change. One could conceive that the laws of ab- 
sorption and radiation might not only be studied, but 
again and again illustrated by the exposure and removal 
of such a sheet. But a cei*tain point of temperature or 
exposure gained, the paper scorches — that is, undei^goes 
chemical change — and then there is no restoration, no re- 
covery of its onginal condition. Hence it may be said 
of such a sheet of paper that it exhibits two phases, in 
the first of which a return to the original condition is 
possible ; in the second such a return is impossible, be- 
cause of the supervening of the chemical change. 

An investigation of the facts produced by a ray pre- 
sents, then, these two separate and distinct phases — ^the 
physical and the chemical. > 

General Conchisiana, 

The facts presented in the preceding and the present 
Memoir suggest the following conclusions: 

Ist. That the concentration of heat heretofore observed 
in the less refrangible portion of the prismatic spectrum 
arises from the special action of the prism, and would not 
be perceived in a diffraction spectrum. 

2d. From the long-observed and unquestionable fact 
that there is in the prismatic spectrum a gi'adual dimi- 
nution in the heat-measures from a maximum below the 
red to a minimum in the violet, coupled with the fact 
now presented by me (that the heat of the upper half of 
the spectrum is equal to that of the lower half), it follows 
that the true distribution of heat throughout the spaces 
of the spectrum is equal. In consequence of the equal ve- 
locity of ether- waves, they will, on complete extinction by 
a receiving surface, generate equal quantities of heat, no 
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matter what their length may be, provided that their 
extinction takes place without producing any chemical 
effect. 

3d. That it is incorrect to restrict to the upper portion 
of the spectrum the property of producing chemical 
changes. Such changes may be produced by waves of 
any refrangibility. 

4th. That every chemical effect observed in the spec- 
trum is in consequence of the absolution of a specific 
radiation, the absorbed or acting radiation being deter- 
mined by the properties of the substance undergoing 
change. 

5th. That the figure so generally employed in works 
on actino-chemistry to indicate the distribution of heat, 
light, and actinism in the spectinim serves only to mis- 
lead. The heat curve is determined by the action of the 
prism, not by the properties of calorific radiations ; the 
actinic curve does not represent any special peculiarities 
of the spectrum, but the habitudes of certain compounds 
of silver. 
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MEMOIR XXX. 

ON BURNING GLASSES AND MIRRORS — THEIR HEATING AND 

CHEMICAL EFFECTS. 

Collected and condensed from the Philosophical Magazine, May, 1851; Harper's 

Monthly Magazine, No. 329. 

Contents : — Can concentrated rays produce new chemical decompositions f 
— Effects of amplitude^ frequency, and direction of vibration in the 
ether-waves, — Clock lenses for long exposures, — Decomposition of water 
by chlorine. — Attempt to decompose it by bromine and iodine. — Use of 
absorbing troughs. — Dry silver iodide not decomposed by light. — De- 
compositions under water. — Decompositions in a spherical concave. — 
Effect of extraneous mixtures. — They do not make collodion more sen- 
sitive. — Antagonization of radiations. — Case of electric spark. — Effects 
of polarized light. — Attempts to polarize light by an electro-magnet. — 
Mechanical cause of decompositions by light. 

When, many years ago, I commenced an experimental 
examination of the chemical action of light, I entertained 
great expectations of what might be accomplished by the 
use of burning-glasses. It seemed reasonable to suppose 
that if the direct sun -rays could occasion so many de- 
com])ositions, their chemical force would be incompara- 
bly greater when their brilliancy was exalted by a mirror 
or a lens. Of the two, a concave metallic mirror should 
produce a more characteristic effect, since it returns the 
rays as it receives them, but a special and very impor- 
tant portion of them is absorbed by the selective action 
of the lens. 

I had not, however, at that time the means of making 
these experiments in a satisfactory manner, and, though 
very much disappointed with the result, postponed the 
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rosecution of them to a more favorable opportunity. 
fbtainiiig from time to time several isolated tacts, I was 
k1, in meditating upon them, to what seemed to be some 
enemi conclnsions respecting the chemical action of ra- 
iations. Several of these were published, in a desultory 
lanner, in varioua periodicals ; but it was not until May, 
861, that they were collectud in the J'hilosophical Mag- 
zim, under the title of a "Memoir on the Chemical Ac- 
ion of Light." Of this, the following is an abstract. 
The general discussion of the problem of the chemical 
ction of a ray involves the following considerations: 

1. In what manner does the ray act, and what are the 
lianges it undergoes? 

2. What is the nature of the impression made on the 
Dateiial group, the decomposition of which ensues? 

Many facts justify the supposition that the parts of all 
Daterial substances aie in a state of incessant vibration, 
Po each particular thermometric degree there belongs a 
trticular frerpiency of vibration. As soon as these mo- 
ions approach four hundred billions in a second, red 
ight is emitted, and the temperature is near 1000° Fahr. 
Is the fre*juency increases, rays of a higher refrangibility 
e in succession evolved, and the temperature coriespond- 
pgly rises. On the other hand, when these oscillatory 
lovements decline, the temperature of the body falls. 
These principles lead to a I'eady explanation of the 
ature of the exchanges of heat and the cause of the 
quUibviuin of temperature. The vibratory molecular 
DotioDs are necessarily propagated to the ether, through 
Fhich medium they are again transferred to the particles 
f other bodies, on which the ethereal waves imiiinge, as 
, vibrating stnng excites undulations in the air, and 
bese, in their turn, can give birth to analogous motions 
I other strings at a distance. 
There is an analogy between the relations of a hot 
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and cold body and tliose of two strings, one of whicb is 
emitting a musical sound and compelling the other to 
execute synchronous movements. The ether in the one 
case and the air in the other are the media through which 
their motions pass. 

Equilibrium of temperature takes place when the mol* 
ecules of the substances concerned are in synchronous 
and equal vibration. A hot body in presence of a cold 
one compels the latter to hasten its rate of motion, its 
own rate all the time declining, and this continues until 
both have the same fcequency ; then equilibrium of tem- 
perature I'esults. The theory of the exchanges of heat is, 
therefore, only an expression for the exchanges of vibrsr 
tions through the ether. 

But temperature in thermotics is the equivalent term 
for brilliancy in optics. Both refer to compound quali- 
ties, depending not only on frequency of vibration, but 
also on its amplitude. As the degree of heat of a maes 
rises, the mass expands, the increase in its volume indi- 
cating that not only do its parts vibrate more swiftly, 
but also that their individual excursions are increased. 
It follows, therefore, that every mass will have a deter- 
minate volume for every degree of heat, the volume in- 
creasing as the temperature rises. On this view the ex- 
planation of the expansion of bodies by heat is that their 
parts are not only vibrating more quickly, but also that 
the individual excursions are greater. 

The atoms of the chemical elements differ in weight. 
We therefore should not expect that the ethereal vibra- 
tions would throw them into movement with equal facil- 
ity, but that some would yield more readily than others. 
Is not this what we express in chemistry by the term 
specific heat ? — a body, the capacity of which is great, re- 
quiring a prolonged application of ethereal pulses before 
a consentaneous motion is reached, and in its turn ini- 
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iressing on the ether tluiing cooling a correapontlingly 
prolonged sent-s of motions. And is not this the cause 
of that remarkable relation between the atomic weights 
elemeutai-y bodies and their specific heats, discovered 
by Dulong and Petit? 

These considerations may lead us to inquire whether 
lie general cause of the decomposition of compound bod- 
es by radiations is due to the circumstance that all the 
Aoms of which their molecules are composed take on the 
ibratory motion with uue(|ual facility. Thus if a cer- 
ain ciimpouud molecule be submitted to the iufluenoe of 
>n intense radiation, some of its constituent particles may 
'ibrate consentaneously at once, and others moie tardily. 
Jnder these circumstances, the continued existence of 
be gi'oup may become impossible, and decomposition en- 
Ue in the necessity of the case- 
in entering upon the experimental analysis of the ac- 
n of a ray upon a decomjiosable body, there ai'e three 
Ifferent points to be considered, so far as the ray itself 
. concerned : 1, To what extent and in what manner is 
le result affected by the int&isity of the ray, or by the 
mplitiide of the vibrating excursions?, 2. IIow is it af- 
ited by t\\& frequency of the pulsatory impressions? 
od, 3. Ho\v by the direction in which the vibi-ations 
re made, as involved in the idea of polanzation ? I 
hftll now examine these in succession. 

1. To what extent and in what manner is the decompo- 
Uion of a comjtoiind hody affect&l by the inteksity of a 
ay &r the ampliimh- if the vihrating excursions? 

If the different degrees of facility with which atoms ' 
eceive the iTiipression of etiiereal vibrations be the true 
RUse of decomposition by light, we should expect that 
lany such changes would become possible under the in- 
.oence of a burning-lens which are not so in the direct 
ays of the sun. 
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This idea is favored by wbat we find in the case of heat 
The burning-glass has long had celebrity in that respect, 
and in former times was the most powerful means of 
reaching a high temperature. 

The effect of the glass is due to the rapidity with 
which it can supply caloric, contrasted with the loss by 
conduction, radiation, etc Thus an object of any kind 
exposed to the sun receives heat at a certain rate; but 
it is simultaneously experiencing a loss by conduction, 
radiation, and currents in the air. Exposed to the focus 
of a lens, the supply becomes, in a given time, greater 
than before ; and the temperature rising, great effects are 
the necessary result 

But changes brought about by light are in a different 
predicament Here conduction is entirely absent, as is 
also loss by currents in the air. The cumulative effects 
of a long exposure give the same action as a highly con- 
centrated ray furnishes in a brief period of time. In this 
case, therefore, everything will depend on the absoi-ptive 
power of the substance. 

When a piece of polished silver is placed in the focus 
of a burning -lens, it remains quite cold, because of its 
high reflecting power; but if blackened, it melts in an 
instant. And so with chemical changes. A body which, 
like chlorine, can exert an absorptive action on the ray 
becomes modified, and induces changes; but if, like oxy- 
gen, it has not that property, it will remain indifferent 
and unaffected by the most intense radiation. 

Considering, however, that th^ calorific effects of the 
converged solar rays are so striking, we may reasonably 
inquire whether, in like manner, the chemical action can 
be increased. There is a very general impression that 
the intense radiation of tropical climates accomplishes 
changes which cannot be imitated by the feebler light 
of higher latitudes, and perhaps decompositions may be 
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brought ahotit by a lai'ge convex lens which the dii-ect 

rays of the eun are wholly inadequate to produce. 
A very brilliant beam may possibly break up a given 

lombination, which a far greater quantity of light, acting 
Itfarough a long period, might be inadequate to touch, 
pir K. Kaiie states that he, with M. Dumas, could remove 
■wo atoms of hydrogen from acetone by the action of 
bhiorine in the sunshine at Pans, but in Dublin only 

ne. 
In Fig. 90, a is a convex burning-lens supported in 

fibbed frame, 6 b; there is at c a second lens to hasten 




the convergence; (/f/, a cir- 
cular arc for directing the 
lens towards the sun ; eg, 
a stand on which objects 
may be exposed to the fo- 
cal point, _/l It is carried 
by a stout bai', m n, attached to the frame. 

By this instrument I endeavored to collect a series 
' facts which might set this part of the question in 
true light. The lens a was of very fine and thin 
French plate-glass, twelve inches in diameter in the 
Its goodness was such that on a fine day plat- 
inum might be melted iu its focus. It was ground 
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and polished for me by the late Mr. Fitss, whose skill 
was shown in the large and excellent telescopic objec- 
tives that he made. He mounted it on a suitable sup- 
port ; it i-equired, however, to be guided by the hand as 
the sun moved. When the college building of the Med- 
ical Depaif ment of the University of New York was de- 
stroyed by fire in 1865, 1 had to regret the loss of this 
instrument, with much other apparatus^ and many docu- 
ments that were of uoappi'eciable value to me. Mounted 
as the lens was, its use was attended with considerable 
risk to the eyes, on account of the excessive biilliancy of 
the focus. Screens and dark spectacles were found to be 
very unsatisfactory, and an illness which I consequently 
contracted admonished me either to abandon the subject 
or puraue it in some other way. 

The following experiments were made with a smaller 
glass, consisting of a combination of two similar lenses^ 
their diameter being five inches and focal distance eight 
It was, in fact, the large lens of an old-fashioned lucernal 
microscope, such as was made in London a century ago. 
I had it fixed on a polar axis, as shown in Fig. 91, and 
by the aid of a cluck it could follow the motion of the 
sun with such accuracy that, when once set in the morn- 
ing, an object might be exposed in its focus, if desirable, 
for a whole day. It had a contrivance on the frame car- 
rying the lens for supporting small crucibles, glass mat- 
rasses (Fig. 92), charcoal supports, etc., at the proper 
point, which might be either at the focus or at any other 
distance from the lens, as the circumstances of the exper- 
iment required. Among these instruments were ther- 
mometers, blackened or otherwise so arranged as to ex- 
ercise any desired selective absorption. At the outset 
of any experiment, the whole face of the lens could be 
covered with a blackened pasteboard screen, with a hole 
half an inch in diameter. Through this a sufficient 
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I amount of light could be transmitttrd to eniible one to 
I arrange the various details of the proposed expciiment ; 
' and wliKD everything was ready, the screen was re- 
moved, and in the concentrated and brilliant focus the 
action went on. I found that this siin])le contrivance 
was an invaluable relief to the eyes. 
In Pig. 91, «a is the heliostat clock; J, its polar axis; 
\ d d; a frame carrying the leus, c, and 
I having au arrangement at/for support- 
ing flasks, crucibles, or other apparatus. 
r This turns on a double joint at e, so 
I that the leus may be directed to the 
I sun. 

In Fig. 92, « is a small flask receiving 
I the converging rays, b, at their focus,/! 

The lens being five inches in di- /^ 1| jv\ ^ 

' ameter, and the sjiace covered by '^^ , "^L-" 

, the eolar tocal image, owing to ^'" "' 

[Want of achromaticity and sjiherical abeiration, one fifth 
of an inch, the multiplying eft'ect 
would be 625 times, if the glass were 
perfectly transparent, and there were 
no loss by reflection from its sur- 
faces. On a summer day of average 
brightness, with the thermometer at 
68'' in the shade, and the bulb, not 
being blackened, at 108° in the sun, 
I this lens could fuse copjier instantly, the bead oxidizing 
I only superficially, an<l cutting readily after fusion. Black 
SoJtide of copper in a little crucible of platinum foil melt- 
ed into a slaty-looking substance at once. Wrought iron 
I did not melt alone; but if exposed on a charcoal support 
[ in a globule of microcosmic salt, previously fused by the 
I lens, it gave a clear, round bead, wliicli readily extended 
twhen beaten upon an anvil. The globule of flux turned 




444 ^N BURNING GLASSES AND MIRRORS. [Memoir XXX. 

black. The specimen employed was cut from a piece of 
good iron wire ; and though it might be thought that ex- 
posure on the charcoal would tend to turn it into cast 
iron, its subsequent complete malleability seems to dis- 
prove this. Spongy platinum did not melt alone, nor 
even if enclosed in a globule of fused microcosmic salt. 
We may therefore estimate the working power of this 
lens on a substance placed in its focus as somewhat 
above the point of fusion of wrought iron, and lower 
than the point of fusion of platinum. This refei's to tem- 
perature only. The power of the lens as to light must 
be enoiTuously greater. 

We may now examine the chemical effects produced 
by this lens. 

Two small glass matrasses, the bulbs of which were 
about half an inch in diameter, were filled with chlorine 
water, the one being exposed to the direct rays of the 
sun, the other to the converging rays of the lens. De- 
composition of the water occurred in both, but with far 
more activity in that placed in the focal point. The dif- 
ference was at once so striking to the eye that I made no 
attempt to measure it. It is plain that the greater the 
quantity of incident light, the more rapid the decom])osi- 
tion ; though, after the first moment of action, the solu- 
tions being no longer the same in constitution, the quan- 
tities of gas disengaged are no longer proportional to the 
incident li^jht. 

There is thus no difficulty in effecting rapidly the de- 
composition of water by chlorine under the influence of 
the sun, but under the same circumstances iodine and 
bromine are inadecjuate to produce such an effect. 

A solution of bromine in water was prepared, the wa- 
ter being first boiled to expel the air contained in it. It 
was placed in a half-inch matrass (Fig. 93), and exposed 
to the focus of the lens. As the temperature rose rap 
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idly, the water vras depressed in the bulb by the steaiu 
,nd bromine vnpor which occupied the uppev part, the 
bulb beiog placed uppermost, aud the tube dipping into 
k phial which served aa a reaervuir. After the exposure 
Ihad continued for two hours and a half, the matrass was 
■euiuved from the lens aud suffered to cool. There re- 
uaiued uncondeused a little bubble, measuring about 7^,5 
bf a cubic incli ; but this was probably nothing more 
han the atmospheric air which had found access to the 
nrater, for on submitting the same specimen to another 
lespostirc for three hours, after the gas had been decanted 
from it, a little bubble, the diameter of which was esti- 
mated at one fiftieth of an inch, was all that could be 
^—procured. 

^K In Fig. 93, n is the flask containing the bromine water ; 
^He, a phial serving as a reservoir. It is half filled 
^^with the same water. 

In like manner I endeavored to decompose wa- 
I ter by iodine, and with the same negative result, 
^B^ven when, the e.Yposure to the focal point lasted 
^HbuT hours. When proper care had been taken 
^^BO remove from the solution all traces of air, uo rigTei 
^H|a8 was evolved. 

^^f To i-educe the heating effect of the lens, and allow the 

^^more refrangible rays alone to act, there was interposed 

between the lena and its focus a stratum of a solution of 

sulphate of copper and ammonia one thii-d of an inch 

thick, included between two flat plates of glass, suitably 

arranged and carried along with the other parts by the 

vement of the clock, The cone of solar rays now 

ed through this absorbent medium (Fig. 94). 

1 Fig. 94, fl, h is the fiask and reservoir, but the con- 

Srerging rays pass through an absorbent trough, c c, 

I in front view at J, e being the circular cell eon- 

Biining the blue solution. 
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In the focus of blue light thus formed there was ei- 

posed for two and a half 




Flff.H. 



hours (from 7f to 10^ 
June 13, 1848) an inverted 
half-indli bulb containing 
iodine water, with a &w 
particles of iodine. Tem- 
perature in the shade, 64'' ; 
in the sun, 86^ At the 
end of that time there was 
found an insignificant bub- 
ble of air, estimated at one 
thirtieth of an inch in diameter. It could, of course, be 
nothing but atmospheric air. 

The absorbing medium was now removed, and the 
full rays of the sun permitted to convei^ on the mat> 
rass. The temperature of the water quickly ran up to 
the boiling-point, and the bulb was filled with steam 
and the purple vapor of iodine. Everything seemed 
favorable for the decomposition of the water to take 
place, if the iodine could accomplish it under so intense 
a radiation. At first I thought that the experiment had 
succeeded, for the color of the bulb became paler — a 
result that ought to have ensued if hydriodic acid 
was forming and oxygen being eliminated. The action, 
therefore, was kept up for four hours ; but as soon as 
the sun was screened from the lens and the bulb began 
to cool, the water returned and filled it almost entirely. 
This, therefore, shows that under a most intense radia- 
tion iodine cannot decompose water. 

A similar experiment was tried with bromine, and 
with the same result. It failed to decompose water. 

Some silver chloride, carefully purified, was exposed 
in a little crucible of platinum foil (Fig. 95) so inclined 
that the cone of rays could come in at its mouth. The 
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absorbing trough was not used. Though the sun's rays 
■wore not brilliaut, the chloiide at once melted, foriuing a 
reddish-looking litiuid. It was kept in that condition 
all day. When cool it proved to be in the state of 
horn-silver, easily cut V»y a knife. When the rays first 
touched it a fume was disengaged, due probably to ttie 
escape of vapor of water. It seems, therefore, that this 
euhstance when perfectly dry is not decomposable by 
lunlight, though so sensitive at common temperatures 
fchen moist. 

In Fig. 95, a is the platinum crucible ; b, the place of the 
matenal experimented upon, re- 
peiving at the focus the converg- 
ing rays, c. 

I must refer to the original 
tfemoir for the detail of numer- 
ms experiments on many metal- 
compounds, the general re- 
lult of these being that, no mat- 

»r how biilliant a ray may be, it cannot carry a deconi- 
josition farther than a feeble one acting for a cone- 
IjKjnding longer period of time could do. Compounds 
; can resist the force of an ordinary ray cannot be 
)roken down by the intense illumination of the focal 
)int of a burning-lens. That instrnment cannot do 
ffhat the voltaic pile has done — effect decompositions 
frhich had never been effected before. 

To riHluce the disturbing effect of heat as far as pos- 
lible, and give every advantage to the condensed lumi- 
I0U8 focus, I received the cone of rays coming from the 
iwelve-inch burning-lens on a glass globe (Fig. 96) sis 
nclies in diameter, filled with water. This increased 
he converging of the ray**, and brought them more 
jnickly to a focus, Then through the neck of the globe 
|irs8 introduced to the focuSj in a matrass, spoon, or other 
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suitable support, the substance to be experimeDted upon. 
The mass of water kept the temperature down, and in 
some cases the hot water was removed by an aspirator 
and cold water introduced below. A spoon could be 
used when powdei-s Avere employed of so great a specific 
gravity as not to drift too high fi-om the focus in the 
ascending current of hot water. 
In Fig. 96, a a is a matrass filled with water, through 
which come in the converging 
rays, c. Through the neck at d 
a spoon, h, may be passed down 
to the focal point,/. 

The result was, however, the 
same as before. The focus of a 
burning-lens cannot cause any 
chemical change which the uq- 
converged sun-rays are incompetent to produce. It mere- 
ly hastens the effect. 

Upon the whole, we may therefore conclude that it is 
not the intt-milif of a beam which determines its decom- 
posing powei", and that we cannot produce greater chem- 
ical effects by the action of converging mirrors and lenses 
than we can by the ap]iIication of the simple sunbeam, 
continued for an equivalent period of time. 

Ill estimating the influence of light on different solu- 
tions, we should constantly bear in mind that the maxi- 
mum effect is never produced unless comjdete absorption 
has taken place. Wlieii tlie color of a solution is pale, 
it may require considerable tliickne.ss Itefore complete 
ab.sori)tion is acconij)lislied. Thus if two equal tu))e.i, 
containing equal <[uantities of the same solution of chlo- 
rine in water, be exposed to tlie rays, they will evolve 
equal quantities of oxygen gas; but if behind one of 
them a piece of looking-glass be ]>laced, tlie effect is im- 
mediately increased. The rays that have passed through 
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the solution are compelled to cross it again, and, if not 

already exhausted, thus to act once moie. Tlie follow- 

itag illustiations are examples of tbe kind : 
Two small bulbs of equal size containing chloinne 

(rater were exposed to tbe rays of the sun ; behind one 
F them a concave heiiiispheiical mirror was placed, so 

that the rays which had crossed the solution were com- 
[felled to cross it again. Tbe amount of oxygen set free 
n this bulb was about one fourth greater than that in 

^e other. 

The same was repeated, tbe exposure being to the sky 

light instead of tbe sun-rays. The quantity of oxygen 
let free in the two bulbs was as 18 to 55. 
It might be supposed that part of this increased effect 

18 due to the rise of tetiiperatui-e, from the miiu'or ob- 
itructing radiation. To exert a cooling action tbe fol- 
owing modification was therefore tried. In a glass jar 
|Fig. 97) full of quicksilver a half inch bulb containing 

ehlonne water was placed in such a way that a small 
jortion of its surface, about one eighth of an inch in di- 
imeter, projected above tbe surface of tbe liquid metal. 
)n this part the sQlar focus fi'ora a burning-glass was 
ibrown. The rays therefore gained access to the iuteiior 
>f the bulb, and were thrown about in all directions, 
froasing and recrosaing tbe liquid in every way by tbe 
mmerous reflections they underwent — tbe mercury, as it 
ipplied itself to the outer surface of tbe glass, acting like 
I spherical concave mirror, and, from its mass and high 
londucting power, effectually keeping the temperature 
(own. The quantity of oxygen emitted in a given time 
WiM measnred. The same experiment was then repeated 
nth tbe bulb removed from tbe mercury. After tbe 
ilose of tbe same time, on measuring tbe oxygen set free, 
t was founil that the reflecting action of tbe mercury 
iad nearly tripled the effect. 
Ff 
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In Fig. 97. a ah the x'esael filled with mercuiy ; /* (/, 

glass flask iintuei-sed in it, but haviDg 
at its upper part a small portion un- 
covered, through which the conver 
lays, c, may come in. 

The power of a my thus dependil _ 
on the degree of absorption exerted 
upon it, I was led to inquire whether, 
by admixture with other suitable si 
*''"■'"■ stances in a solution undergoing 

composition, the effect could be increased. Chlorine 
tPF decomposes more rapidly as its yellow tint is dee] 
Ft>ur equal bulbs were therefore taken — a, coutaini 
chlorine water; ft, the same, deepened with chloride 
gold ; c, chlorine water, with commercial hydrochli 
acid of a yellow tint; d, chlorine water, with tincture 
iodine. These were all exposed together to the sun. 
was at once obvious that a was giving oft" most oxygen, 
afid eventually it was found that i yielded a mucb 
smaller quantity, and c and d none at all. The presence 
of these bodies, therefore, exerted a prejudicial effect. 

A system of vibrating molecules will solicit an adja- 
cent one to execute siuular motions through the niodJum 
of the intervening ethei". A rise of temperature is du« 
to an increased rapidity or intensity of the oscillations 
of the groups of vibrating molecules, but chemical de- 
composition is due to the dislocation of their parts. It, 
of course, by no means follows that when a comjiound 
molecule is undergoing entire disruption, those in the 
neighborhood should be compelled to pass into a similar 
state. For the very reason that chemical decomposition 
takes place is because the group that receives the pro- 
voking ray cannot vibrate consentaiieou-^Iy with it; and 
if that group cannot assume the motion in question, how 
can it possibly transmit it to any other? 
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Any artifiL-ial coloration by tbe adJition of extraneous 
bullies does not increase the rate of decomposition, but 
Petai-ds it This is precisely what ought to be expected. 
A compound atom has its gmuping destroyed by tbe 
action of light upon its own parts, and is in no manner 
wncerned in what is taking place in other atoms around. 
They therefore cannot increase the effect on it; but, on 
the contrai-y, they may greatly diminish tiie action on 
the mass by exerting a special absoiption themselves, 
bus tbe chloride of gold retards the decomposition of 
chlorine water, when mixed therewith, in the same man. 
r as if it were placed in a trough in front of the water, 
ind intercepted the impinging beam. 

Experiments similar to the foiegoing were made with 
i 8uhition of ferric oxalate mi.ved with alcohol, ammonia 
pitvate of iron, tincture of turmeric, sodic cliloride, etc. 
In every instance it was clear that the action of the light 
9 strictly molecular ; that it is impressed on tbe group of 
itoms, and not on the mass; and that when various bod- 
es are conjointly exposed to tbe sun, each one undei^oea 
ts own specific change, independently of and unaffected 
iy nil the rest. 

These exjieriments, with others of a like kind, made 
nany years ago, have an important bearing on some 
KJently published by Pn>fe8sor Vogel, Captain Abney, 
[Captain Waterhouee, and otiiers on imparting increased 
iHusitiveness to collodion by mixing it with variously 
nlored substances. I repeated their exjieriments as care- 
Wly as 1 could, and should have thought that my want 
F BUcc^ss was due to unskilfidness had I not borne in 
aind the foregoing considerations. 

2. "We may next inquire, To what exteyit and in- what 
rumner is the thcomprmlitm of a compnmid body affected 

f the FBEQt'KNCT of vihratioii nf a riuj ? 
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From tbe beginning of optical chemistry, inveatigatioi 
have been made tor the purpose of determining the i 
tion of rays of different refraugibilities. Almost a hn; 
dred years ago it liad been shown, in special casea, l 
there is an antagonism between the opposite ends of tl 
spectrum. Thus the phosphorescence excited in ~ 
ton's preparation by the violet end of the spectrum is ex- 
tinguished by the red. As respects colored compounds, 
Grotthus showed that the active ray is veiy commonly 
of the tint complementary to that which it destroys. 

More recently this branch of the subject has been ex- 
amined to a great extent, and the behavior of nil kinds 
of substances in the solar spectrum made known. Tlie 
general result is this, that on wave-length — or, what is 
the same thing, frequency of vibration, the number of 
impulses it can communieate in a given penod of time — 
depends the power of a ray to break down the union oM 
any gi'oup of atoms. A compound that may resist ■ 
slowly recurring motion may be unable to maintain ^| 
self when the impulses increase in frequency. H 

So numerous and well known are the photograpl^H 
and other changes brought on by light that I need n qj 
occupy space with a description of them hei-e, I shl^f 
only refer to some cunous instances of antagonism or )^| 
terference, the details of which will be found in the oraH 
inal Memoir. Hitherto they have been very much ov^| 
looked. H 

Two rays may be so placed in relation to each ottalH 
that their motions may conspire or may antagonize; niH 
as one or other of these conditions ensues, the chemieH 
result will correspond. ^M 

When iodine vapor is permitted to have access t<^| 
surface of polished silver, the silver tarnishes, the U^^ 
nished film increasing in thickness as the exposure ^M 
tbe iodine is prolonged. It assumes in succession col4^| 
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which undoubtedly aiise from tlie interference of the in- 
cident light with the light reflected from the metal at 
the back of the film. They are the colors of thin plates, 
like those of a soap-bubble. 

Now, there is a great difference in the action of light 
upon these difl'ereutly colored films, though chemically 
they are the self-same silver iodide. Some have been un- 
acted upon; in them the effect of the incident light has 
been destroyed or revei'sed by the ettec-t of the light re- 
flected from the back of the film. Some have been pow- 
erfully acted upon ; in them the chemical effect ia at a 

lajdmum — the incident and reflected rays have con- 
jrii-ed. 

If any proof were required that these maxima and 
ninima of chemical effect arise from the superposition of 

uilar or contrary motions, it is found in the relative 
thickness of the films which have been acted or unacted 
upon. Those in which there has been maximum action 
have thicknesses as 2:1; that showing the minimum 
action is 1^. 

If the daylight and simple spectrum rays be permitted 
to act together on a daguerreotype plate, the rays of 
which the times of vibration are as 1, 2, etc., aid the day- 
light; but those of wtiich the times of vibi'ation are as 
i, li, 34, etc, interfere with it and destroy its eft'ect. 

In these numbers we may discern the suggestion of 
Bome very important facts. 
^ One of the most striking instances of this positive and 

igative action I discovered in the ease of the electric 
|>ark. Let there be placed over a dagueri'eotype plate 
?ig. 98) two metal balls, connected respectively with 
lie inside and outside of a Leyden-jar in such a way that 
the discharge may pass from one of the balls at about 
half an inch distance to the sensitive plate, and from the 
eensitive plate to the other ball at about the same dia- 
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tauce. Oue sjiark is sufficient. The experiment shod 
be nmtle in a diirk room. 

lu Fig. 98, (tfl, t!ie metal pliotogrnphic plate; J, r, 
ass balls coitnected ' 
the Leyden - phial. The 
spark passes between them 
and the metal plate. At 
r/, c, the effuct 18 shown, ami 
^^^^^^^^^^^^^m a.^aiu mure plaiuly in Fig. 

^^^I^^^^H^^^I Od developing he 

^^^^^^^^e^^^ found that on the poiiit 
*''^** wluch received the spark 

there is a blue-white spot about one fortieth of an iuoh 
in diameter (Fig. 99). Iranieiliately around this an an- 
nular space which is perfectly black, 
the rays of the spark having there had 
no action ; then follows a white ring, 
and then another black one. Finally 
succeeds a whitish stain of an indistinct ] 
circular form, which can be ti-aceil by 
inclining the plate as having a diame- ' 
ter of about \\ inches. 

That part of the [jlate from which the spark < 
shows a repetition of the same phenomenon. 

How shall we account for the pividuction of tlieaej 
ternate white and black spaces — rings of action and \ 
action? Some pereons might at first be led to 8up|M»e 
that this is only an interesting foi'ni of Priestley's e-Xiwl'- 
iment of" the tairy lings," formed by receiving the shock 
of a battery on a iwlished steel surface, when, by the ( 
idation that ensues, a film is formed of variable tliicknij 
and giving the colors of thin plates. But a little < 
sideration will show that this is im|iossilile, and the fiM 
are only to be explained ou the principles of iuterferen 
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. Jit what mantier u the ikeompofitioii of a comprmnd 
body affected hy t/ie condition of polarizatiok of Vie ilis- 

Itui-Viny ray f 
I A btiaiu of light passing through a circular aperture 
ddb inch in diauieter was received oti the ncliioiiiatic 
peua of a caraera-oliscura, ami theu fell ou a duiibly re- 
fracting prism, so placed as to give on the ground glass 
two circular images of the aperture, one third of an inch 
in diameter, and overlapjmig each other to a small ex- 
tent. In these images the light was, of couree, polarized 
at light angles respectively. 

When paper i-eudered sensitive by being washed with 
fenic oxalate was placed so as to receive them — the 
light permitted to act nine minutes, and its effect devel- 
oped by chloiide of gold — the images (Fig. 100) were 
fuund of equal blackness, and the lenticular space formed 
by their overlapping of greater de|>th. This was I'epeat- 
ed with several different photograjthic compounds, and 
always with the same result It shows that plane polar- 
ized light acts precisely like common light, aud with a 
rapidity proportional to its intensity. 

In Fig. 100, tf, A, the disks of plane polarized light, po- 
larized at right angles to each other; 
at c, the place of overlapping. 

While thus attempting to detect a *l 
difference in the decomposing action 
of common and polarized light, I made ^' '*'■ 

kjwme inquiries as to the possibility of polarizing light by 
\ magnet. 

A great many e.tperiments have been made at differ- 
Ot times for the pmi)ose of producing disturbance on a 
r»y of light by magnets. There are two methods which 
jrbe resorted to. The one hitherto followed has been 
;reept the ray in its course, aud submit it to mag- 
tic action ; but the principle on which my attempts 
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have been founded 13 to attack it at its on^in, and if 
twiupt to produce an impression on the shining body. 
These methods are essentially distinct. To bon-ow nii 
illustration from acoustics, it ia one thing to try to 
modity a sound on its passage through the air, and n 
very different thing to exert an influence on the sound- 
ing body. 

When Bancalari's experiment on the influence of the 
poles of a powerful magnet on a flame was firet publifl 
cd, I repeated it at once, expecting that the oseillatio] 
of the shining particles were conatrained to take place | _ 
one plane by the magnetism, and that the light emitted 
would be polarized. The result, however, did not seem 
to prove this. 

A similar experiment was then made with the elect 
spark from the prime conductor of a machine. It 1 
compelled to cross between the poles of a powerful t 
tro-magnet. But when the magnetism was on it did Dot 
seera that the light was polarized. 

De la Rive has shown that the voltaic arc betwet 
charcoal points is greatly disturbed when it passes I 
tween the jxjles of a powerful electro-magneL In ' 
hope that this would produce the expected disturbance, 
1 examined an arc formed between points of copper, pla^ 
iuum, and gas carbon; but though the sounds emitted 
were stroug, resembling the sudden tearing of a piece of 
cloth, I could not perceive that the light was polarized. 

In like manner the induction spark from a contact 
breaker and the phosphorescent light from fluor-spar were 
tried without success. I still think, however, that with 
better means than those thus employed the experiment 
would succeed. 
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At the commencement of this Memoir it was statq 
that we should consider, Ist, the manner in which I 



B SXX.] OS BURXISG GLASS-ES AND MIRRORS. 457 

of ligLt acts in bringiug about decouijjositioo, and the 

changes it undergoes; 2d, the nature of the iiiipressiou 

madt: OD the mateiial group, the decompositiuu of which 

lensues. The observations I proposed otl'eriug iu relation 

the former of these points being completed, 1 may pass 

8ome remarks respecting the latter. 

An examination of many cases of the decomposition 

bodies by liglit has led me to the conclusion that its 

luse is to be attributed to the inability of the group of 

lolecules attected to withstand the peiiodie impulses 

^communicated to them. Of those molecules some, per- 

tps, take on a vibratoi'y motion more readily than the 

bei's, and the continuance of a given group becomiug 

impossible, a rearrangement ensues. 

But in other eases the mechanism of decomposition is 
undoubtedly different: a change is impressed on one of 
the elements aeted upon, which weakens its affinity for 
the others. Thus, under the influence of the sunshine, 
plants can decompose many bodies, such as carbonic, sul- 
ipliuiic, and phosphoric acids. 

The nature of these changes may be best illustrated by 

■Rcing the complete course through which any one of 

lese substances passes. The chief facts may be seen Su 

le case of phosphorus. This substance, when freshly 

ide, commonly exhibits a white waxy appearance, but 

'hen exposed to the sunshine, it turns to a deep mabog- 

Aiiy-red. If the exposure has been long continued, or tlie 

effect hastened by the action of a burning-lens, the change 

of aspect is vevy striking. It is analogous to that which 

sulphur e.'chibits when heated to 400° or 500°. I have a 

icimen which has been kept for many years in an at- 

iosphere of dry carbonic acid; the sides of the vesael 

are iucrusted with crystals, which have slowly sublimed, 

and which iu color resemble the ferrid cyanide of po- 
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The chemical properties of these two vaneties of phos- 
phorus are very diffei-ent; indeed, there is scarcely a 
point in which they may not be said to be unlike. The 
common kind shines in the dark ; the red does not The 
common is soluble in a variety of menstraa, which do not 
act on the other : thus one of the methods of preparing 
red phosphorus is to expose a solution of the common in 
sulphuric ether to light — a red powder, the substance in 
question, precipitates. Compared together, the one dis- 
plays a range of affinity which the other does not ; nor do 
these properties seem to leave them when they are united 
with other bodies. Thus the active or white phosphorus, 
when united with hydrogen, yields a gas w^hich is spon- 
taneously combustible in the air; the red or passive va- 
riety yields a hydrogen compound of the same constitu- 
tion, but devoid of the property of spontaneous combus- 
tibility. 

It should be understood that thoiicirh other ao^ents — as 
a high temperature — can impress this remarkable change 
upon phosphorus, none can do it with more energy or 
more conij)letely than the solar lays. I found by expos- 
ing a surface of white or active phosphorus to the pris- 
matic spectrum that it is the more refrangible rays that 
are the most effective. Thus the i*ays most efficient in set- 
ting oxygen free from the bodies with which it is united 
have alvso the quality of impressing such a change on 
those bodies that they oxidize subsequently with diffi- 
culty. It follows that the time cause of such decompo- 
sitions is the impression which the light makes on the 
elementary substance. Thus if phosphoric acid be de- 
composed by the solar rays, the decomposition is owing 
to the phos])horus being thrown into the red or passive 
state — a state in which its affinity for oxygen has almost 
entirely disaj>peared. 

These considerations enable us to explain what takes 
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jjlace in tbe econoiuy of plants. The water of the Boil is 
always chained with ciirbouic acid, which communicates 
to it the quality uf tliiwolving boiie-uarth. Tbe solution 

t passing through the spongioles goes to the leaves as as- 
centliiig sap. Here it is exposed to light, the effect of 
which if*y aided by the cell-growth there taking place, to 
Kt the phnsplionc acid free, and turn its phosphorus into 
ibe passive state. Its continued union with oxygen as 
AD acid compound thus becomes imixjusilile, and it is 
now associated with the proteine and oily botlles form- 
ing in the plant. Nor dues it again unite with oxygen 
until it has passed into the systems of animals as a con- 
atituetit of their nervous and muscular tissues. At the 
moment of activity of these, and especially of the former, 
t is oxitlized, the change being apparently an immediate 
pnsequence of that activity, and, reverting to the acid 
ate, it is finally dismissed from the system under the 
farm of phosphate of soda and ammonia. 

la the same manner might be explained the decompo- 
ption of carbonic acid by plants in the sunshine; for car- 
»n, like jihosphorus, and, inJeed, like all other elemen- 
«ry bodies, has its active and passive states, as is exem- 
lilified in the contrast between diamond and lamp-black, 
le sunlight enables the leaves of plants to bring the 
»rbon into the inactive state, and decomimsition ensues 
as a secondary result. The carbon compounds arising 
form the food of various animals; nor does tlits element 
l-ecover its active state until it has given rise to the proc- 
esses of life, when it suddenly unites with oxygen brought 
iy the arterial blood, and the compounds it then forms 
i disraissed from the system by the lungs and kidneys 
biyointly. It might seem that the mechanism of decom- 
aition by vibratory movement is essentially different 
•om that by these aIlotroi>ic changes, but a more detail- 
1 exatiunation will show that this is not necessarily so. 
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In tbia Memoir I have eudeavored to examiue liow 
far the decomposing action of a radiation is dependent 
on the amplitude, the ti-equency, ur the direction of its 
vibrations. The result arrived at is that decompositions 
are not determined by amplitude — that is, bnlliancy — 
since a faint liglit continued long enough can produce 
pi'ecisely the same eftect as the more concentrated ray of 
a burning-lens applied fur a shorter time. Nor does the 
direction of motion, as involved in the idea of polariza- 
tion, whether plane or circular, exert any effect, but it is 
the frequency of the periodic impulses that is the sole 
determining cause. And the phenomena of interference 
from the superposition of such small motions occur ex- 
actly as might have been predicted. 

The immediate cause assigned for such decompositions 
is that a ray forcing the material particles on which it 
falls into a state of rapid viliration, it comes to pass in 
many compound molecules that their constituent atoms 
can no longer exist together as the same group, because 
of the impossibility of their being animated by consenta- 
neous or conspiring motions, and dislocation, rearrange- 
ment, or decomposition is the result. 

In this Memoir I have spoken of heat and light as 
though they were distinct agencies, and considered such 
facts as conductibility, etc., displayed by the one and not 
by the other. But if we recall what has been said iu 
preceding Memoirs to the effect that these are only modes 
of motion, and that the difference of the effects they dis- 
play turns on the character of the receiving surface or 
substance, there will be no difficulty iu translating this 
commoner language into terms that are more exact, and 
in presenting the phenomena in question under a more 
rigidly scientific point of view. Familiar expi-essiffl 
very fi-equently convey to the mind clearer ideas tu 
othei-8 which, perhaps, may be more strictly correct 
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" In 1796, Count Rnmford presented to the Royal Society of London 
£1000, the interest of which was to be spent in striking two nnedals, 
both in the same die, one of gold and one of silver, of the value of the 
interest of the donation for two years, and to be given biennially for the 
most important discovery or improvement relating to light and heat that 
had been made during the preceding two years in any part of Europe." 

At the same time Count Rumford made ** a corresponding donation 
to the American Academy of Arts and Science of $5000, the interest of 
which was to be used in like manner as regards American discoveries. 
It was provided that if this term passed without any discovery or im- 
provement being made that should be deemed worthy of the award, the 
accruing interest was to be added to the principal, and the augmented 
income thus arising was to be added to the medals when the next award 
was made." 

The Royal Society accepted the trust, and made the first award to 
Rumford himself in 1802; in 1804, to Leslie; in 1806, to Murdock; 
in 1810, to Mains; in 1814, to Wells; in 1816, to Davy; in 1818, to 
Brewster; in 1824, toFresnel; in 1834, to Melloni; in 1838, to Forbes; 
in 1840,to Biot; in 1842, to Fox-Talbot; in 1 846, to Faraday ; in 1848, 
to Rcgnault ; in 1850, to Arasjo ; in 1852, to Stokes ; in 1854, to Arnott; 
in 1856, to Pasteur; in 1858, to Jamin; in 1 860, to Clerk-Maxwell ; in 
1862, to Kirchhoff ; in 1864, to Tyndall ; in 1866, to Fizeau; in 1868, 
to Balfour Stewart, etc. 

These awards covered the most important discoveries that had been 
made in relation to heat and light — the production of heat by friction, 
the correlation of forces, the effects of surfaces on radiation, the polari- 
zation of light, the theory of the formation of dew, the transverse vi- 
brations of light, the application of the thermopile to the study of radi- 
ant heat, the refraction of dark rays, the invention of photography, the 
discovery of fluorescence, the fixed lines of the spectrum, the distribution 
of heat in the spectrum, the velocity of light, etc. 

The American Academy permitted several years to pass without mak- 
ing any award. Meantime the fund had so greatly increased that the 
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^ And now, in the absence of Dr. Dn^ier, unable at this iniehinept 
season to execute a fatiguing journey, it gives me {Measure to leeogniie 
yon, Mr. Qnincy, as his worthy and competent representative. 

" I pray yon, in receiving these two medals on his behalf, in aocoidanes 
with tibe terms of the original trust, to assure him, on the part of the 
Academy, of the high satisfaction taken by all its Fellows in doing 
honor to those who, like him, take a prominent rank in the advance of 
science throughout the world." 

Mr. Quincy, on receiving the medals, said : 

^'MB.PRn9iDiHT, — ^In the name and on the behalf of Dr. Dn^ier,! 
have the honor to receive the Bumford medals in gold and silver which 
the Academy has been pleased to award to him, and I will have them safe- 
ly conveyed to him to-morrow, together with the assurances of the sat- 
is&ction of the Academy in this action which you wish me to com- 
municate to him. In common with yourself, sir, and all the Fellowi 
present, I regret that that eminent person is unable to attrad this meeftr 
ing and receive the medals himself. And, personally, I r^pet the ab- 
sence of Dr. Wolcott Oibbs, who had promised to perform this grate- 
ful service for his friend, and who would have been d>le to make a num 
suitable reply to the able discourse with which you have accompanied the 
presentation of the medals, and to have done more jnsdce to the chdms 
of Dr. Draper to this distinction, than I can pretend to do. Dr. Gtbbs 
having also been unavoidably prevented from being present this evening, 
I have now the honor to read a communication from Dr. Draper to the 
Academy, m acknowledgment of this testimony to his services to science.'' 

Mr. Qiiincy then read the following letter : 

"To THE American Academy of Arts and Sciences: Your favor- 
able appreciation of my researches on radiations, expressed to-day by the 
award of the Ruraford medals — the highest testimonial of approbation 
that American science has to bestow on those who have devoted them- 
selves to the enlargement of knowledge — is to me a most acceptable re- 
turn for the attention I have given to that subject through a period of 
more than forty years, and I deeply regret that through ill-health I am 
unable to receive it in person. 

" Sir David Brewster, to whom science is under so many obligations 
for the discoveries he made, once said to me that the solar spectrum is a 
world in itself, and that the study of it will never be completed. His 
remark is perfectly just. 

" But the spectrum is only a single manifestation of that infinite ether 
which makes known to us the presence of the universe, and in which 
whatever exists — if I may be permitted to say so— lives and moves and 
has its being. 
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" What object, then, can be offered to us more worthy of contempla- 
tion than the attributes of this intermedium between ourselves and the 
outer world ? 

"Its existence, the modes of motion through it, its transverse vibra- 
tions, their creation of the ideas of light and colors in the mind, the in- 
terferences of its waves, polarization, the conception of radiations and 
their physical and chemical effects— these have occupied the thoughts of 
men of the highest order. The observational powers of science have 
been greatly extended through the consequent invention of those grand 
instruments, the telescope, the microscope, the spectrometer. Through 
these we have obtained more majestic views of the nature of the uni- 
verse. Through these we are able to contemplate the structure and 
genesis of other systems of worlds, and are gathering information as to 
the chemical constitution and history of the stars. 

"In this noble advancement of science you, through some of your 
members, have taken no inconspicuous part. It adds impressively to 
the honor you have this day conferred on me that your action is the 
deliberate determination of competent, severe, impartial judges. I can- 
not adequately express my feelings of gratitude in such a presence, pub- 
licly pronouncing its approval on what I have done. 
"I am, gentlemen, very truly yours, 

" John W. Draper." 

The investigations and memoirs referred to by the committee of the 
Academy are contained in this volume. 
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H. Brewer.— V. The Development of our Mineral Resonrces. By Professor 
T. Sterry Hunt. — ^VI. Commercinl Development. By Edward Atkinson. 
—VII. Qrowlti and Distribution of Population. By the Hon. Francis A. 
Walker.— VIII. Monetary Development. By Professor William G. Scm- 
kee.— IX. The Experiment of the Union, with its Preparations. By T. D. 
WooLBRT, D.D., LL.D.— X. Educational Progress. By Eugene Lawbenor. 
—XL Scientific Progress: 1. The Exact Sciences. By F. A. P. Barnard, 
D.D., LL.D. 2. Natural Science. By Professor Theodore Gill.— XII. A 
Century of American Literature. By Edwin P. Whippi.k.— XIII. Progress 
of the Pine Aru. By S. S. Conant.— XIV. Medical and Sanitary Progress. 
By Austin Punt, M.D. — XV. American Jurisprudence. By Benjamin 
Vauohan Abiiott.— XVI. Humanitarian Progress. By Ciiableb L. Bbace. 
— XVII. Religious Development. By the Rev. John P. Hurst, D.D. 

MOTLEY'S DUTCH REPUBLIC. The Rise of the Dutch Republic. 
A History. By John Lothrop Motley, LL.D., D.C.L. With a 
Portrait of William of Orange. 3 vols., 8vo, Cloth, ^10 50; Sheep, 
$12 00; Half Calf, $17 25. 

MOTLEY'S UNITED NETHERLANDS. History of the United Neth- 
erlands : from the Death of William the Silent to the Twelve Years' 
Truce— 1609. With a full View of the English-Dutch Struggle against 
Spain, and of the Origin and Destruction of the Spanish Armnda. By 
John Lothrop Motley, LL.D., D.C.L. Portraits. 4 vols., Svo, 
Cloth, $14 00; Sheep, $16 00; Half Calf, $23 00. 

MOTLEY'S LIFE AND DEATH OF JOHN OF BARNEVELD. The 
Life and Death of John of Barneveld, Advocate of Holland : with a 
View of the Primary Causes and Movements of **The Thirty-years' 
War." By John Lothrop Motley, LL.D., D.C.L. Illustrated. In 
2 vols., 8vo, Cloth, $7 00; Sheep, $S 00; Half Calf, $11 50. 
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♦HAYDN'S DICTIONARY OF DATES, relating to all Ages and Na- 
tions. For Universal Reference. Edited by Benjamin Vincent, As- 
sistant Secretary and Keeper of the Library of the Royal Institution of 
Great Britain ; and Revised for the Use of American Readers. 8to, 
Cloth, $3 50; Slieep, $3 94. 

HILDRETH'S UNITED STATES. History of the United States. 
First Series : From the Discovery of the Continent to the Organiza- 
tion of the Government under the Federal Constitution. Second Se- 
ries : From the Adoption of the Federal Constitution to the End of 
the Sixteenth Congress. Bv Richard Hildretu. 6 vols., 8vo, Cloth, 
$18 00; Sheep, $21 00; Half Calf, $31 50. 

HUME'S HISTORY OF ENGLAND. The History of England, from 
the Invasion of Julius Coisar to the Abdication of James II., 1688. By 
David Hume. 6 vols., 12mo, Cloth, $4 80; Sheep, $7 20; Half Calf, 
$15 30. 

HUDSON'S HISTORY OF JOURNALISM. Journalism in the United 
States, from 1690 to 1872. V^^^ Frederic Hudson. 8vo, Cloth, $5 00; 
Hnlf Calf, $7 25. 

JEFFERSON'S DOMESTIC LIFE. The Domestic Life of Thomas 
Jefferson : compiled fn>m Family Letters and Reminiscences, by his 
Great-gi-nnddaughter, Sarah N. Randolph. Illustrated. Crown 8vo, 
Cloth, $2 50. 

JOHNSON'S COMPLETE WORKS. The Works of Samuel Johnson, 
IX. D. With an Essav on his Life and Genius, bv Arthur MuRrnr, 
Esq. 2 vols., 8vo, Cloth, $4 (X) ; Sheep, $5 00 ; Half Calf, $8 50. 

KINGLAKE'S CRIMEAN WAH. The Invasion of the Crimea: its 
Origin, and an Account of its Progress down to the Death of Lord Rjig- 
lan. By Af.kxandkk William Kingi.aki:. With Maps and Plans. 
Three V(;iumes now ready. I2mo, Cloth, ^2 00 per vol. ; Half Calf, 
J*?3 7r> per vol. 

LAMB'S COMPLETE WORKS. The Works of Charles Lamb. Com- 
prising his Letters, Poems, Essays of Elia, Essays upon Shakspcare, 
Hogarth, &c.,and a Sketch of his Life, witli the Final Memorials, hv 
T. N«»o\ Talfoukd. With Portrait. 2 vols., 12ino, Cloth, f<\\ OO- 
Half C^alf, >!(; r>o. 

LAWUEXCK'S HISTORICAL STUDIES. Historical Studies. B^ 
EuGKNK LAVt'KKNCK. Containing the following Essays: The Bishops 
of Home. — Leo and Luther. — Loyola and the Jesuits. — Ecumenical 
Councils. — The Vaudois. — The Huguenots. — The Church of Jerusalem. 
— Dominic and the Lupiisition. — The Concpiest of Ireland. — The Greek 
Church. J^vo, Cloth, uncut edges and gilt tops, $3 00. 

MYERS'S REMAINS OF LOST EMPIRES. Remains of Lost Em- 
pires : Sketches of the Ruins of Palmyra, Nineveh. Babylon, and Per- 
Kepolis, with some Notes on India and the Cashmerian Himalayas. Bj^ 
P. V. N. Mykks. Illustrated. 8vo, Cloth, ^3 50. 
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LOSSINGS FIELD-BOOK OF THE REVOLUTION. Pictorial 
Field- Book of the Revolution : or, Illustrations by Pen and Pencil of 
the History, Biography, Scenery, Relics, and Traditions of the War for 
Independence. Bv Benson J. Lossino. 2 vols., 8vo, Cloth, $14 OCX* 
Sheep or lioan, $15 00; Half Calf, $18 00. 

LOSSINGS FIELD-BOOK OF THE WAR OF 1812. Pictorial 
Field- Book of the War of 1812 : or. Illustrations bv Pen and Pencil of 
the History, Biogmphy, Scenery, Relics, and Traditions of the last War 
for American Independence. By Benson J. Lossing. With several 
hundred Engmvings on Wood by Lossing and Barritt, chiefly from 
Original Sketches by the Author. 1088 pages, 8vo, Cloth, $7 00 ; 
Sheep or Roan, %8 50; Half Calt, ^10 00. 

MACAULAY'S HISTORY OF ENGLAND. The Histoiy of England 
from the Accession of James II. Bv Thomas Babinoton Macaulat. 
5 vols., 8vo, Cloth, $10 00; Sheep, $12 60; Half Calf, $21 26; 12mo, 
Cloth, $4 00; Sheep, $6 00; Half Calf, $12 75. 

MACAULAY'S LIFE AND LETTERS. The Life and Letters of Lord 
MacauUiy. By his Nephew, G. Otto Tbkveltan, M.P. With Por- 
trait on Steel. Complete in 2 vols., 8vo, Cloth, uncut edges and gilt 
tops, $5 00 ; Sheep, $6 00 ; Half Calf, $9 60. Popular Edition, 2 
vols, in one, 12mo, Cloth, $1 76. 

FORSTER'S life of dean swift. The Earlv Life of Jonathan 
Swift (1067-1711). By John Fobsteb. With Portrait. 8vo, Cloth, 
$2 50. 

♦GREEN'S SHORT HISTORY OF THE ENGLISH PEOPLE. A 
Short History of the English People. By J. R. Gkeen, M.A., Exam- 
iner in the School of Modern History, Oxford. With Tables and Col- 
ored Maps. 8vo, Cloth, $1 62. 

HALLAM'S MIDDLE AGES. View of the State of Europe during 
the Middle Ages. By Henuy Hallam. 8vo, Cloth, $& 00 ^ Sheep, 
$2 50; Half Calf, $4 25. 

HALLAM'S CONSTITUTIONAL HISTORY OF ENGLAND. The 
(Constitutional History of England, from the Accession of Henry VII. 
to the Death of George II. Bv Henby Hallam. 8vo, Cloth, $2 00; 
Sheep, $2 50; Half Calf, $4 26. 

HALLAM'S LITERATURE. Introduction to the Literature of Europe 
during the Fifteenth, Sixteenth, and Seventeenth Centuries. By Hen- 
ry Hallam. 2 vols., 8vo, Cloth, $4 00; Sheep, $5 00; Half Calf, 
$8 50. 

SCHWEINFURTH'S HEART OF AFRICA. The Heart of Africa. 
Three Years' Travels and Adventures in the Unexplored Regions of the 
Centre of Africa. From 1808 to 1871. By Dr. Geobo Schwein- 
FiTKTii. Translated by Ellen E. Frewer. With an Introduction by 
WiNwooD Rkade. Illustrated by about 130 Woodcuts from Dra\* ings 
made by the Author, and with two Maps. 2 vols., 8va, Cloth, $8 00. 
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M*CLINTOCK & STRONG'S CYCLOPAEDIA. Cyclopfledia of Bib- 
lical, Theological, and Ecclesiastical Literature. Prepared by the Rev. 
John M*Clintook, D.D., and James Strong, S.T.D. 7 voU. now 
ready, Roval 8vo. Price per vol., Cloth, $5 00; Sheep, $6 00; 
Half Morocco, $8 00. 

MOHAMMED AND MOHAMMEDANISM: Lectures Delivered at 
the Royal Institution of Great Britain in February and March, 1874. 
By R. BoswoRTH Smith, M.A., A8sistant Master in Harrow School; 
late Fellow of Trinity College, Oxford. With an Appendix containing 
Emanuel Deutsch's Article on *' Islam.*' 12mo, Cloth, $1 50. 

MOSHEIM'S ECCLESIASTICAL HISTORY, Ancient and Modern ; 
in which the Rise, Progress, and Variation of Church Power are con- 
sidered in their Connection with the State of Learning and Philosophy, 
and the Political History of Europe duiing that Period. Translated, 
with Notes, &c., by A. Maclaine, D.D. Continued to 1826, by C. 
CooTB, LL.D. 2 vols., 8vo, Cloth, $4 00; Sheep, $5 00; Half Calf, 
$8 oO. 

HARPER'S NEW CLASSICAL LIBRARY. Literal Translations. 

The following Volumes are now ready. 12mo, Cloth, ^1 50 each. 

C-*:8AR. — Virgil. — Sallust. — Horace. — Cicero's Orations. — 
Cicero's Offices, &c. — Cicero on Oratory and Orators. — 
Tacitus (2 vols.). — Terence. — Sopuocles. — Juvenal. — Xeno- 
PHON. — Homer's Iliad. — Homer's Odyssey. — Herodotus. — De- 
mosthenes (2 vols.). — Thucydides. — iEsciiYLus. — Euripides (2 
vols.). — LivY (2 vols.). — Plato [Select Dialogues]. 

LIVINGSTONE'S SOIITII AFHK^A. Missionary Travels and Re- 
searches in South Africa: including a Sketch of Sixteen Years' Resi- 
dence in the Interior of Africa, and a Journey from the Cape of (iood 
Hope to Loanda on the West (^oast ; thence across the Continent, down 
tlie River Zambesi, to the Eastern Ocean. By David Livingstone, 
LL.D., D.C.L. With Portrait, Maps, and Illustrations. 8vo, Cloth, 
.*4r>(); Sheep, 85 00; Half Calf, $G 7r». 

LIVINCJSTONK'S ZAMBESI. Narrative of an Expedition to the Zam- 
besi and its Tributaries, and of the Discovcrv of the Lakes Shirwa and 
Nyassa, I8'>8-1^»()4. \\y David and Chaklks Livingstone. With 
M'aj> and Illustrations. 8vo, Cloth, ^Jj 00 ; Sheep, f 5 50 ; Half Calf, 

LIVINC.ST( )NE'S LAST JOURNALS. Tlic Last Journals of David 
J^ivin^stone, in Central Africa, from 18<5r* to liis Death. Continued by 
a Narrative of his Last Moments and Sut^erings, obtained fn)ni his 
Faiiliful Servants (?huma and Susi. Hy Uouack Waller, F. H.G.S., 
]{ecrt>r of Twvweli, Northamj»ton. Witli Portrait, Maps, and Illustra- 
tions. Hvo, Cloth, ifr> 00; Sheep, S-"* '>0 ; Half Calf, ^7 2,5. Cheap 
Popular Edition, 8vo, Cloth, with Map and Illustrations, ^2 50. 

CxKOTES HISTORY OF (JRKE(^E. 12 vols., 12mo, Cloth, $18 00; 
Sheep, '^Tl 80; Half Calf, $3'J 00. 
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RECLUS'S EARTH. The Earth : a I)escM-iptive History of the Phe- 
nomena of the Life of the Globe. By Elibee Rbclus. With 234 Maps 
and Illustrations, and 23 Page Maps printed in Colore. 8vo, Cloth, 
$5 00; Half Calf, $7 25. 

RECLUS'S OCEAN. The Ocean, Atmosphere, and Life. Being the 
Second Series of a Descriptive History of the Life of the Globe. By 
£li8ek Reclus. Profusely Hlostrated with 250 Maps or Figures, and 
27 Maps printed in Colore. 8vo, Cloth, $C 00; Half Calf, $8 25. 

KORDHOFF'S COMMUNISTIC SOCIETIES OF THE UNITED 
STATES. The Communistic Societies of the United States, from Per- 
sonal Visit and Observation ; including Detailed Accounts of tlie Econ- 
omists, Zoarites, Shakers, the Amana, Oneida, Bethel, Aurora, Icarian, 
and other existing Societies. With Particulars of their Religious Creeds 
and Practices, their Social Theories and Life, Numbers, Industries, and 
Present Condition. By Charles Nordhoff. Illustrations. 8vo, 
Cloth, $4 00. 

NORDHOFF'S CALIFORNIA. California : for Health, Pleasure, and 
Residence. A Book for Travellera and Settlers. Illustrated. 8vo, 
Cloth, $2 50. 

NORDHOFF'S NORTHERN CALIFORNIA, OREGON, AND THE' 
SANDAVICH ISLANDS. Northern California, Oregon, and the Sand- 
wich Islands. By Charles Nordhoff. Illustrated. 8vo, Cloth, 
$2 50. 

PARTON'S CARICATURE. Caricature and Other Comic Art, in All 
Times and Many Lands. V^y James Parton. With 203 Illustrations. 
8vo, Cloth, Gilt Tops and uncut edges, $5 00. 

♦RAWLINSON'S MANUAL OF ANCIENT HISTORY. A Manual 
of Ancient History, from the Earliest Times to the F«ll of the Western 
Empire. Comprising the History of Chaldiea, Assyria, Media, Baby- 
lonia, Lydia, Phoenicia, Syria, Judffia, Eg}*pt, Carthage, Persia, Greece, 
Macedonia, Pnrthia, and Rome. By George Rawlinson, M.A., 
Camden Professor of Ancient History in the University of Oxford. 
12mo, Cloth, $$1 46. 

NICHOLS'S ART EDUCATION. Art Education applied to Industrj-. 
Bv George Ward Nichols, Author of "The Story of the Great 
March." Illustrated. 8vo, Cloth, $4 00. 

BAKER'S ISMAILTA. IsmaiVia: aNarrativeof the Expedition to Cen- 
tral Africa for the Suppression of the Slave-trade, organized by Ismail, 
Khedive of Egypt. By Sir Samuel White Baker, Pa8Ha, F.R.S., 
F. R. G. S. With MapsJ Portraits, aud Illustrations. 8vo, Cloth, f 5 00 ; 
Half Calf, $7 25. 

BOSWELL'S JOHNSON. The Life of Samuel Johnson, LL.D., in- 
cluding a Journal of a Tour to the Hebrides. By James Boswell, 
Esq. Edited by John Wilson Croker, LL.D., F.R.S. With a Por- 
trait of Boswell. 2 vols., 8vo, Cloth, ^4 00 ; Sheep, $5 00 ; Half Calf, 
$8 50. 
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VAN-LENNEP'S BIBLB LANDS. Bible Landi : tbdr Modern Ciu. 
toms and Mannera IlliiftratiTe of Scripuire. Br the Rev. Hbkrt J. 
Van-Lkmhsp, D.D. Ulnstnted with ai>ward of 860 Wood Engrmvingi 
and two Colored Maps. 888 pp., 8vo, Cloth, f5 00 ; Sheep, 4i6 00 ; 
Half Morocco, 98 00. 

VINCENT'S LAND OF THE WHITE ELEPHANT. The Land of 
the White Elephant : Sights and Scenes in Southeastern Asia. A Per- 
sonal Narrative of Travel and Adventure in Farther India, embracing 
the Conntries of Burma, Siam, Cambodia, and Cochin-China (1871-2). 
By Frahk Vinckmt, Jr. Illustrated with Mapa, Plans, and Woodcuis. 
Crown 8vo, Cloth, $8 50. 

SHAKSPEARE. The Dramatic Works of WiUiam Shakspeare. With 
Corrections and Notes. Engravings. 6 vols., 12mo, Cloth, $9 00. 2 
vols., 8vo, Cloth, $4 00; Sheep, $5 00. In one voL, 8vo, Sheep, 
$4 00. 

SMILES'S HISTORY OF THE HUGUENOTS. The Huguenots: 
their Settlements, Churches, and Industries in England and Ireland. 
By Samokl Smiubs. With an Appendix rektlng to the Huguenots in 
America, Crown 8vo, Cloth, $2 00. 

SMILES*S HUGUENOra AFTER THE REVOCATION. The Hu- 
guenots in France after the Revocation of the Edict of Nantes ; with a 
Vint to the Country of the Vaudois. By Sajidbl Smiles. Crown 
8vo, Cluth, $2 00. 

SMILES'S LIFE OF THE STEPHENSONS. The Life of George 
Stephenson, and of his Son, Robert Stephenson; comprising, also, a 
Histoi'v of the Invention and Introduction of the Railway Locomotive. 
Bv Samuel Smiles. With Steel Portraits and numerous Illustrations. 
8vo, Clotli, $3 00. 

SQUIEU'S PERU. Pent : Incidents of Tmvel and Exploration in the 
Lnnd of the Incas. By E. GEOnoE Squiek, M.A., K.8.A., late U. S. 
Cominissioner to Peru, Author of ** Nicaragua," "Ancient Monuments 
of Mississippi Valley," &c., &c. With Illustrations. 8vo, Cloth, 8r> 00, 

STRICKLAND'S (Ml*«8) QUEENS OF SCOTLAND. Lives of the 
Queens of Scotland and English Princesses connected with the Uegal 
Succession of Great Britain. Bv Agnes Strickland. 8 vols., 12ino, 
Cloth, $12 00 ; Half Calf, $i2G 00. 

THE 'CHALLENGEK" EXPEDITION. The Atlantic: an Account 
of the General HcsultA of the Exploring? Expedition of H.M.S. ** Chal- 
lenger." By Sir AVyville Thomson, K.C.B., F.R.S. With numer- 
ous Illustrations, Colored Maps, and Charts, from Drawings by J. J. 
Wvld, engraved by J. I). Cooper, and Poi'^'-ait of the Author, engraved 
by*C. II. Jeens. 2 vols., 8vo, $12 00. 

BOl'HNE'S LIFE OF JOHN LOCKE. The Life of John Locke. By 
II» H. Fox BouKNE. 2 vols., 8vo, Cloth, uncut edges and gilt tops, 
$r> 00. 



